


FOREWORD 

T h i s  F i n a l  Report ,  a l o n g  w i t h  i t s  companion I n t e r i m  Reports from F a l l  
and Win te r  Q u a r t e r s ,  p resen t  t h e  r e s u l t s  o f  t h e  f i r s t  y e a r  o f  research  under 
t h e  auspices o f  t h e  U n i v e r s i t i e s  Space Research A s s o c i a t i o n  (USRA) Advanced 
Space Design P r o j e c t  a t  Utah S t a t e  U n i v e r s i t y  (USU). However, i n n o v a t i v e  
research  e f f o r t s  o f  t h i s  t y p e  have been conducted a t  USU f o r  q u i t e  some t ime.  
The f i r s t  Get Away Spec ia l  pay load t o  f l y  i n t o  space aboard t h e  space s h u t t l e  
was developed and b u i l t  a t  USU, as were seve ra l  subsequent payloads. Th is  
t r a d i t i o n  o f  s o l i d  research  and accomplishment has been c o n t i n u e d  i n  t h e  work 
summarized i n  t h e s e  documents. 

The s t u d e n t s  i n v o l v e d  v a r i e d  f rom q u a r t e r  t o  q u a r t e r  as t h e i r  
schedules p e r m i t t e d  ( see  l i s t i n g  a t  f r o n t  o f  each r e p o r t ) ,  a l t hough  s e v e r a l  
p a r t i c i p a t e d  th roughou t .  Each q u a r t e r ,  however, t h e  team was comprised o f  
i n d i v i d u a l s  f rom s e v e r a l  d i s c i p l i n e s ,  r a n g i n g  f r o m  Mechanical Eng ineer ing  t o  
B i o l o g y ,  which undoubtedly  s t reng thened  t h e  des ign  process. 

a u t h o r i n g  and p r e s e n t a t i o n  o f  t h r e e  papers a t  conferences:  
Student Conference (May 1987) , The Case Fo r  Mars I I 1  Conference ( J u l y  1987), 
and t h e  A I A A  L igh te r -Than-A i r  Conference (August 1987). F i n a l  des ign  r e s u l t s  
were p resen ted  t o  t h e  Utah S e c t i o n  o f  t h e  A I A A ,  r e l a t e d  a r t i c l e s  appeared i n  
t h r e e  Utah newspapers, and a l o c a l  r a d i o  s t a t i o n  and t h e  S a l t  Lake City CBS 
T e l e v i s i o n  a f f i l i a t e  broadcasted s t o r i e s  on t h e  course. 

and NASA/OAST f o r  f und ing ,  t o  M r .  Jim Burke o f  J e t  P r o p u l s i o n  Labora to ry  f o r  
e x c e l l e n t  and e x p e d i t i o u s  t e c h n i c a l  suppor t ,  and t o  D r .  Frank J. Redd and 
D r .  L. Rex M e g i l l  f o r  t h e i r  e x c e l l e n t  guidance th roughou t  t h e  y e a r  i n  t h i s  
endeavor. 

It deserves men t ion  t h a t  t h i s  des ign  course has r e s u l t e d  i n  t h e  
A I A A  Region V I  

On beha l f  t h e  des ign  team members, I wish  t o  express g r a t i t u d e  t o  USRA 

Raymond 3. LeVesque, I 1  
Graduate Teaching A s s i s t a n t / E d i t o r  
USU/MLR Advanced Design Course 
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1.0 I n t r o d u c t i o n  

1.1 Report  O b j e c t i v e  

q u a r t e r s ,  r e p r e s e n t i n g  d i s t i n c t  des ign  phases. The f i r s t  I n t e r i m  Report  
p resen ts  t h e  i n i t i a l  c o n f i g u r a t i o n a l  d e c i s i o n s  reached concern ing  ma jo r  
v e h i c l e  components. Next, t h e  s e l e c t e d  v e h i c l e  des ign  was analyzed i n  g r e a t e r  
d e t a i l ,  r e s u l t i n g  i n  t h e  modular, m u l t i - v e h i c u l a r  system c o n s i s t i n g  o f  a 
mo the rsh ip  l ander ,  a sho r t - range  sample a c q u i s i t i o n  r o v e r  (SAR) which suppor t s  
t h e  a n a l y s i s  f a c l i t i e s  aboard t h e  mothersh ip,  and an a e r i a l  payload, o r  
b a l l o o n  r o v e r  (BR), which p r o v i d e s  h i g h - r e s o l u t i o n  imaging o f  t h e  su r face ,  
atmospher ic c h a r a c t e r i z a t i o n  a t  a v a r i e t y  o f  a l t i t u d e s  and l o c a t i o n s ,  and, 
e v e n t u a l l y ,  a secondary, l ong - te rm d a t a  a c q u i s i t i o n  f a c i l i t y  on t h e  M a r t i a n  
su r face .  
Report .  

It c o n t a i n s  
t h e  r e s u l t s  o f  s t u d i e s  on one p a r t i c u l a r  p a r t  o f  t h e  MLR system: t h e  B a l l o o n  
Rover. 
d u r i n g  t h e  S p r i n g  Q u a r t e r  because o f  t h e  l a c k  o f  t e c h n i c a l  l i t e r a t u r e  on t h i s  
s u b j e c t  as compared t o  s u r f a c e  r o v e r  technology,  an area o f  on-going research  
i n  b o t h  government and p r i v a t e  research  groups. 

p r o v i d e d  an e x c e l l e n t  o p p o r t u n i t y  t o  exper ience,  i n  t h e  des ign  course, 
development o f  a system on a more w e l l - d e f i n e d  l e v e l  t h a n  i n  t h e  p r e v i o u s  two 
q u a r t e r s .  As e v i d e n t  i n  v a r i o u s  p a r t s  o f  t h i s  F i n a l  Report ,  an i m p o r t a n t  
l e s s o n  demonstrated d u r i n g  t h i s  process was t h a t  des ign  cha l l enges  t e n d  t o  
i ncrease i n number and compl e x i  t y  as t h e  1 eve1 o f  r e f  i nement i ncreases , maki ng 
des ign  group i n t e r a c t i o n  and e v a l u a t i o n  even more i m p o r t a n t  t o  t h e  success o f  
a p r o j e c t .  

Development o f  t h e  Mars Lander/Rover (MLR) spanned t h r e e  academic 

D e t a i l s  o f  t h i s  development a r e  p resen ted  i n  t h e  Win te r  I n t e r i m  

T h i s  F i n a l  Report  i s  t h e  t h i r d  o f  t h e  three-volume se t .  

T h i s  component v e h i c l e  was s e l e c t e d  f o r  f u r t h e r  research  and des ign  

Another  reason f o r  t h i s  c l o s e r  s t u d y  of  t h e  B a l l o o n  Rover i s  t h a t  i t  

1.2 Opera t i ona l  Scenar io  

The b a s e l i n e  f o r  t h i s  p r o j e c t  has been d e r i v e d  f r o m  v a r i o u s  sources, 
most n o t a b l y  t h e  N a t i o n a l  Commission on Space Report .  Th i s  i n f o r m a t i o n ,  
combined w i t h  t h e  d e c i s i o n  t h a t  d e l i v e r i n g  t h e  pay load  t o  Mars o r b i t  would n o t  
be cons ide red  w i t h i n  t h e  scope o f  t h i s  s tudy ,  r e s u l t e d  i n  t h e  f o l l o w i n g  
o v e r a l l  mass c o n s t r a i n t .  It was assumed t h a t  f u t u r e  l aunch  v e h i c l e s  would be 
capable o f  d e l i v e r i n g  5000 kg t o  t h e  s u r f a c e  of  Mars( f rom Na t iona l  Commission 
on Space Repor t ) .  F u r t h e r ,  i t  was dec ided  t h a t  t h i s  mass would be made up of  
f i v e  separa te  l a n d i n g  v e h i c l e s .  Each o f  t h e s e  v e h i c l e s  c o n s i s t s  o f  a 
l a n d e r s h i p  ( termed t h e  mo the rsh ip ) ,  a l o c a l  sample a c q u i s i t i o n  r o v e r ,  and an 
a i r b o r n e  b a l l o o n  rove r .  T h i s  system was s e l e c t e d  f r o m  a group o f  cand ida tes  
( see  W i n t e r  I n t e r i m  Repor t )  as t h e  most f e a s i b l e  and e f f e c t i v e  method o f  
accompl i s h i n g  t h e  goa l  o f  wide-scale c h a r a c t e r i z a t i o n  o f  Mars. A d d i t i o n a l l y ,  
t h e  number o f  t h e s e  l a n d e r  v e h i c l e s  can be t a i l o r e d ,  i n  a modular f a s h i o n ,  t o  
match r e a l i z e d  f u t u r e  l aunch  c a p a b i l i t i e s .  
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1.3 Organ iza t i on  - o f  Report  

The r e p o r t  i s  d i v i d e d  i n t o  s e c t i o n s  p e r t a i n i n g  t o  t h e  v a r i o u s  aspects  
o f  t h e  B a l l o o n  Rover development. 
o f  t h i s  document, and consequent ly ,  may be read i n  a d i f f e r e n t  o rde r ,  i f  
des i red .  
appendices a r e  l o c a t e d  i n  a separa te  s e c t i o n  a t  t h e  end o f  t h e  document. 
Appendix numbering corresponds t o  t h e  r e s p e c t i v e  s e c t i o n s  o f  t h e  t e x t .  

Each i s  presented as a complete sub-element 

References a r e  found a t  t h e  end o f  each s e c t i o n ,  and s u p p o r t i n g  
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2.0 Environment - & Landing S i t e  S e l e c t i o n  -- Jim S i p l o n  & Ted H o l t z  

2.1 Envi ronment 

The g l o b a l  environment o f  Mars, i t s  extremes, and s p e c i f i c  l a n d i n y  
s i t e  s e l e c t i o n  made up t h e  p r imary  focus  o f  o u r  research t h i s  q u a r t e r .  
Envi  ronmental c o n s t r a i n t s  a r e  c r i t i c a l  t o  a l l  hardware des gn, e s p e c i a l l y  f o r  
t h e  b a l l o o n  r o v e r  v e h i c l e .  Environmental  f a c t o r s  s t u d i e d  n d e t a i l  i n c l u d e  
i n c i d e n t  s o l a r  f l u x ,  wind speed and d i r e c t i o n ,  temperature extremes, 
atmospher ic pressure,  a i r b o r n e  p a r t i c u l a t e s ,  and t e r r a i n .  T h i s  s e c t i o n  
d e t a i l s  t h e s e  areas, and t h e i r  p o t e n t i a l  impact  on t h e  b a l  oon rove r .  

2.1.1 S o l a r  F l u x  -- 
Mars r e c e i v e s  between 36% and 52% o f  t h e  s o l a r  r a d i a t i o n  r e c e i v e d  

by t h e  e a r t h .  These bounding va lues occur  a t  a p h e l i o n  and p e r i h e l i o n ,  
r e s p e c t i v e l y .  These f i g u r e s  t r a n s l a t e  i n t o  400 W/m2 and 600 W/m* 
p e r p e n d i c u l a r  t o  t h e  sun, dec reas ing  as t h e  c o s i n e  o f  t h e  a n g l e  o f  t h e  
sun. 
l i g h t ,  b u t  a l l o w s  100 t imes  t h e  cosmic r a d i a t i o n  t h a t  s t r i k e s  t h e  e a r t h ' s  
s u r f a c e  t o  s t r i k e  t h e  su r face  o f  Mars. I ns t rumen ts  must be s h i e l d e d  
a c c o r d i n g l y  t o  p reven t  damage. 
d i r e c t l y  a f f e c t e d  by t h e  r a d i a t i o n  f l u x ,  b o t h  i n  terms o f  power o u t p u t  
and degrada t ion  due t o  exposure(see Sec. 6.1 S o l a r  Panels) .  
m a t e r i a l s  must be chosen c a r e f u l l y  so t h a t  l i f e t i m e  i s  maximized. 

The atmosphere o f  Mars r e f l e c t s  app rox ima te l y  20% o f  t h e  incoming 

The f e a s i b i l i t y  o f  u s i n g  s o l a r  panels  i s  

I n  genera l ,  

2.1.2 W i  nds 

On t h e  average, winds blow c o n s t a n t l y  f rom 0 t o  10 m/s w i t h  g u s t s  
up t o  25 and even 35 m/s on occasion. 
observed by V i k i n g  t o  occu r  eve ry  3.3 days. 
eve ry  2 E a r t h  y e a r s  d u r i n g  t h e  M a r t i a n  sou the rn  summer, w i t h  wind speeds 
as h i g h  as 7 5  m/s. These winds h u r l  p a r t i c l e s  o f  d u s t  i n t o  t h e  a i r  and 
can l a s t  f o r  weeks. Winds 20 t o  30 km a l o f t  range between 100 and 120 
m/s. As a means f o r  comparison, a 100 m/s wind on Mars has t h e  same 
f o r c e  as a 10 m/s wind on E a r t h  due t o  t h e  r e l a t i v e  d e n s i t i e s  o f  t h e  
atmospheres. 
c r u i s e  phases, as w e l l  as t h e  l i f e  o f  t h e  b a l l o o n  rove r .  A i r b o r n e  
p a r t i c l e s  r e s u l t i n g  f rom d u s t  storms d r a s t i c a l l y  change atmospher ic 
temperatures and a v a i l a b l e  s o l a r  f l u x  a t  Mars' sur face.  A l l  o f  t h e s e  
f a c t o r s ,  and s p e c i f i c a l l y  wind d i r e c t i o n  and speed a t  each s i t e ,  w i l l  be 
c r i t i c a l  t o  t h e  l a n d i n g  s i t e  s e l e c t i o n  process. 

Winds up  t o  20 o r  30 m/s were 
Global  wind storms occu r  

W i  nds a r e  o b v i o u s l y  i m p o r t a n t  i n t h e  b a l l  oon depl  oyment and 

2.1.3 Atmospheri c Pressure 

Pressure appears t o  be 1 a r g e l y  a1 t i t u d e -  and temperature-dependent 
on Mars. V i k i n g  d a t a  shows 7 mb a t  a l o c a t i o n  1 km below t h e  p l a n e t a r y  
datum and 7.8 mb a t  2 km below t h e  datum. 
due t o  seasonal temperature f l u c t u a t i o n s ,  i n  a q u a s i - s i n u s o i d a l  f ash ion .  
T h i s  v a r i a t i o n  i s  shown i n  F i g u r e  2.1. 
i n  s i t e  s e l e c t i o n  as a 1 km change i n  a l t i t u d e  can mean a 1 t o  2 mb 
change i n  p ressu re  and a co r respond ing  drop i n  d e n s i t y .  
s i g n i f i c a n t  i n  d e t e r m i n i n g  b a l l o o n  r o v e r  c r u i s i n g  a l t i t u d e  and u l t i m a t e l y  
t h e  b a l l o o n  l i f e ,  depending upon t h e  l o c a l  geography. See F i g u r e  2.2. 

These f i g u r e s  va ry  20% t o  25%, 

A l t i t u d e  i s  an i m p o r t a n t  f a c t o r  

Th is  i s  
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VIKING 1 PRESSURE VARIATION 

F i g u r e  2.1 

MARS FRESSURE E. XTTUCE 

F i g u r e  2.2 
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2.1.4 Temperature 

145 t o  180 K i n  t h e  p o l a r  reg ions.  
r e s u l t s  i n  t h e  condensat ion o f  C02 i n t o  s o l i d  form, which i s  t h e  
predominant c o n s t i t u e n t  o f  t h e  p o l a r  caps. 
a r e  as g r e a t  as 80 K between s u n r i s e  and noon. 
immense impact  on t h e  b r i t t l e n e s s  o f  b a l l o o n  m a t e r i a l s .  There i s  a l s o  as 
much as a 50 K d i f f e r e n c e  between t h e  temperature a t  t h e  su r face  and 1 t o  
2 meters above i t . Temperatures va ry  ma in l y  w i t h  a l t i t u d e  and l a t i t u d e .  

Temperature ranges a t  t h e  equator  va ry  f rom 180 t o  250 K and f rom 
The low temperature a t  t h e  p o l e s  

D a i l y  t empera tu re  v a r i a t i o n s  
These A T ' S  c o u l d  have an 

2.1.5 Summary 

A l l  o f  t h e  above env i ronmenta l  f a c t o r s  were observed t o  be a l t i t u d e  
r e l a t e d  as w e l l  as a f u n c t i o n  o f  atmospher ic d e n s i t y .  
s i t e s ,  which a r e  p resen ted  i n  t h e  f o l l o w i n g  s e c t i o n ,  c o n s t i t u t e  a 
compromise between geographic  l o c a t i o n ,  and t h u s  s c i e n t i f i c  i n t e r e s t ,  and 
a l t i t u d e .  
system pa rachu te  s i  z i  ng. 

The s e l e c t e d  

The a l t i t u d e  requi rement  i s  d r i v e n  m a i n l y  by t h e  descent 

2.2 Landing S i t e s  

A t o t a l  o f  f i v e  l a n d i n g  s i t e s  were s e l e c t e d  f o r  t h e  b a s e l i n e  MLR 
These a r e  d e s c r i b e d  and shown on t h i s  and t h e  n e x t  t h r e e  pages. m iss ion .  

1. Capr i  Chasma (48" W 14' S)  Th is  s i t e  i s  near  t h e  e a s t e r n  mouth o f  
V a l l e s  M a r i n e r i s ,  h a v i n g  w a l l s  t h a t  r i s e  t o  between 2 and 4 km on e i t h e r  
s ide ,  about 300 km away. The canyon i s  app rox ima te l y  200 km wide and 
4500 km long ,  which i s  rough ly  t h e  span o f  t h e  U n i t e d  States,  e a s t  t o  
west. The s i t e  a l t i t u d e  i s  0 km, i n  o t h e r  words, i t  i s  a t  t h e  a l t i t u d e  
o f  t h e  p l a n e t a r y  datum. The a n t i c i p a t e d  p ressu re  i s  6-7.5 mb. Winds a r e  
n o m i n a l l y  o u t  o f  t h e  n o r t h e a s t  and w i l l  be a c c e l e r a t e d  t h r o u g h  t h e  canyon 
due t o  a v e n t u r i  e f f e c t .  

2. Olympus Mons (152" W 17" N )  This  area c o n s i s t s  o f  p l a i n s  and a n c i e n t  
v o l c a n i c  l a n l o w s  l o c a t e d  1500 km due west o f  t h e  l a r g e s t  known volcano 
i n  t h e  s o l a r  system, a t  an a l t i t u d e  o f  0 k i l o m e t e r s .  
expected t o  be 6-7.5 mb. 

Pressures a r e  

3. H e l l a s  P l a n i t i a  (304" W 40" S )  Th i s  l a r g e  c r a t e r  i n  t h e  sou the rn  
hemisphere i s  f e l t  t o  have been formed by e i t h e r  a l a r g e  meteor o r  comet 
impact.  S ince  t h e  s i t e  i s  f o u r  k i l o m e t e r s  below t h e  datum, p ressu res  
between 10 and 12.5 mb a r e  expected. 

4. A p o l l i n a r i s  Pa te ra  (190" W 5"s) T h i s  s i t e  has v o l c a n i c  c o n s t r u c t s ,  
p l a i n s ,  knobby t e r r a i n ,  and h e a v i l y  c r a t e r e d  uplands. As w i t h  t h e  f i r s t  
two s i t e s ,  t h i s  l o c a t i o n  i s  a t  an a l t i t u d e  o f  0 w i t h  r e s p e c t  t o  t h e  
p l a n e t a r y  datum, i n d i c a t i n g  a p r o b a b l e  p ressu re  of  6-7.5 mb. 

See F i g u r e  2.3 f o r  t h e s e  f o u r  s i g h t s .  
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F i g u r e  2.3  
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5. N o r t h  Pole Region (18" W 70" N) Th i s  s i t e  was s e l e c t e d  because o f  i t s  
l o w m t x a n d  t h e  chance o f  d i s c o v e r i n g  wa te r  on Mars. I t s  a l t i t u d e  
i s  3 km below t h e  datum, sugges t ing  t y p i c a l  pressures o f  8.5 t o  10.5 mb. 
Long b a l l o o n  l i f e  i s  a n t i c i p a t e d  h e r e  because e v e r y t h i n g  n o r t h  o f  50" i s  
below t h e  datum. Th is  r e g i o n  has t e r r a i n  such t h a t  t h e  b a l l o o n  rove r ,  
c r u i s i n g  a t  i t s  nominal a l t i t u d e ,  would have a f l i g h t  c o r r i d o r  2000km 
wide by 8000km long.  P o s s i b l e  m iss ions  i n  t h i s  area range f r o m  m u l t i p l e  
b a l l o o n  r o v e r s  t o  s p e c i a l i z e d  s u r f a c e  r o v e r s  designed t o  dea l  w i t h  t h e  
i c e  i n  w i n t e r .  A majo r  problem a n t i c i p a t e d  i s  t h e  f a c t  t h a t ,  as w i n t e r  
approaches, carbon d i o x i d e  p r e c i p i t a t e s  f r o m  t h e  atmosphere o n t o  t h e  
su r face ,  c o v e r i n g  s u r f a c e  r o v e r s  under meters o f  snow. Th is  s i t e  i s  
i n d i c a t e d  on t h e  f i g u r e  below. 

NORTH POLE 

F i g u r e  2.4 



8 
REFERENCES 

NASA/JPL, "Vik ing-Mars:  Anatomy o f  Success," M i s s i o n  S t a t u s  B u l l e t i n ,  
No. 46, October 31, 1978. 

C o r l i s s ,  W .  R., "The V i k i n g  M i s s i o n  t o  Mars," NASA-SP334, S c i e n t i f i c  and 
Technica l  I n f o r m a t i o n  O f f i c e ,  NASA, Washington, D.C., 1974. 

JPL Report  No. 715-23, J e t  P r o p u l s i o n  Laboratory ,  Pasadena, C a l i f o r n i a ,  1980. 

Carr ,  M. H., "The Sur face  o f  Mars," Yale U n i v e r s i t y ,  1980. 

Baker, V. R., "The Channels o f  Mars," U n i v e r s i t y  o f  Texas, 1982. 

S o l a r  System E x p l o r a t i o n  Committee o f  t h e  NASA Adv iso ry  Coun 



9 
3.0 B a l l  oon System Oevel opment -- Grant W i  11 i ams 

I n  c o n j u n c t i o n  w i t h  t h e  MLR group 's  focus  on t h e  b a l l o o n  r o v e r ,  a more 
complete e v a l u a t i o n  o f  t h e  b a l l o o n  des ign  was needed. As o u r  knowledge o f  t h e  
atmospher ic p r o p e r t i e s  a t  t h e  v a r i o u s  l a n d i n g  s i t e s  and o f  b a l l o o n  dynamics 
improved, I determined t h e  p r o p e r  b a l l o o n  s i ze /pay load  t r a d e o f f s ,  and 
p r e d i c t e d  p r e s s u r e  and volume v a r i a t i o n s ,  as w e l l  as s e l e c t  a s u i t a b l e  b a l l o o n  
f a b r i c .  

3.1 B a l l  oon Envi ronment a1 Consi d e r a t  i ons 

S ince  t h e  b a l l o o n  w i l l  be  f i l l e d  w i t h  hydrogen and sea led  p r i o r  t o  
deployment, i t  w i l l  a c t  as a super-pressure ba l l oon .  A p o s i t i v e  p ressu re  
d i f f e r e n c e  develops between t h e  i n s i d e  o f  t h e  b a l l o o n  f a b r i c  and t h e  
su r round ing  atmosphere; t h i s  AP v a r i e s  d i r e c t l y  w i t h  t h e  temperature o f  t h e  
b a l l o o n  gas. As l o n g  as t h e  volume remains cons tan t ,  t h e  b a l l o o n  w i l l  f l o a t  
a l o n g  a c o n s t a n t  d e n s i t y  p l a n e  i n  t h e  atmosphere. 

a tmospher ic  model had t o  be used. From Ref. 1, p ressu re  and temperature 
models were o b t a i n e d  based on V i k i n g  Lander data.  
I d e a l  Gas Law, a d e n s i t y  p r o f i l e  was o b t a i n e d  a t  each V i k i n g  s i t e .  As can be 
seen i n  F i g u r e  3.1, b o t h  models p r e d i c t e d  d e n s i t y  l e v e l s  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  i s o t h e r m a l  model used i n  l a s t  q u a r t e r ' s  s tudy.  

I n  o r d e r  t o  e f f e c t i v e l y  determine b a l l o o n  performance, a r e l i a b l e  

Using t h e s e  models w i t h  t h e  

MARS DENSITY PROFILE 

I 

~ . e a o e  , , , , , , ' , , , ' I 

I , " ,  

2 4 b 8 . 18 E 

ALTITUDE (krn) 

F i g u r e  3.1 Mars D e n s i t y  P r o f i l e  

Examinat ion o f  M a r t i a n  s u r f a c e  c o n d i t i o n s  revea led  t h a t  t h e  V i k i n g  2 
s i t e  l i e s  two km below t h e  M a r t i a n  datum, and t h e r e f o r e ,  has a h i g h e r  d e n s i t y  
a t  t h e  su r face  t h a n  many o f  t h e  des igna ted  l a n d i n g  s i t e s .  
v a r i a t i o n  i n  a l t i t u d e  a t  t h e  f i v e  s i t e s  chosen, i t  was dec ided t o  determine a 
b a s e l i n e  design, u s i n g  t h a t  same b a l l o o n  r a d i u s  f o r  a l l  o f  t h e  rove rs .  
Another  o p t i o n  i s  t o  t a i l o r  each b a l l o o n  t o  t h e  atmospher ic c o n d i t i o n s  a t  each 
s i t e ,  b u t  t h i s  concept  was n o t  c o n s i s t e n t  w i t h  o u r  d e s i r e  t o  make t h e  f i v e  
r o v e r s  as u n i f o r m  as p o s s i b l e ,  and t h u s  was r e j e c t e d .  

N o t i n g  t h e  
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Besides v a r i a t i o n s  w i t h  l o c a t i o n ,  l o c a l  d a i l y  v a r i a t i o n s  i n  d e n s i t y  

a l s o  were determined. 
dayt ime v a l u e  due t o  atmospher ic c o o l i n g .  
t h e  temperature model and t h e  p ressu re  s c a l e  h e i g h t  were m u l t i p l i e d  by 
180/220, t h e  r a t i o  o f  mean n i g h t t i m e  temperature t o  mean dayt ime temperature.  
The r e s u l t i n g  d e n s i t y  p r o f i l e  i s  shown i n  F i g u r e  3.2. 

A t  n i g h t ,  t h e  l o c a l  d e n s i t y  i nc reases  s l i g h t l y  ove r  i t s  
To account f o r  t h i s  d e n s i t y  change, 

MARS DAY/NIGHT DENSITY PROFILE 
VIIiING 2 MODEL 

0. ezr0,.-..- .......--.. - ........... - --.-.............-.....................-......-.......-.... " ........ 

. ' I  

U . U O 0 , .  , , ; ,  , , ; ,  , , * ,  , , ' , , I 
- 2  J J b a io 

ALTITUDE (km) 

F i g u r e  3.2 Day lN igh t  D e n s i t y  P r o f i l e  

E q u a l l y  i m p o r t a n t  t o  b a l l o o n  des ign  were t h e  expected tempera tu re  
extremes o f  t h e  b a l l o o n .  
t empera tu re  d i r e c t l y  a f f e c t s  t h e  p ressu re  i n s i d e  t h e  b a l l o o n  envelope. 
determi  ne t h e  maximum-daytime/mi nimum-nightt ime tempera tu re  extremes, t h e  
b a l l o o n  was modeled as an i s o t h e r m a l  body. 
balance, Eqn ( l ) ,  o f f s e t s  s o l a r  f l u x  and ground r a d i a t i o n  i n p u t s  w i t h  b a l l o o n  
s u r f a c e  r a d i a t i o n .  

As w i l l  be shown i n  t h e  n e x t  s e c t i o n ,  t h e  b a l l o o n  

The r e s u l t i n g  s t e a d y - s t a t e  hea t  

To 

where 

ab = b a l l o o n  s u r f a c e  a b s o r b t i v i t y  
Qm = M a r t i a n  s o l a r  f l u x  (560 W/m2) 
Eg = ground e m i s s i v i t y  
Tg = ground temperature (300  K d a y t i m e / l 5 0  K n i g h t t i m e )  
Tb = b a l l o o n  temperature 
eb = b a l l o o n  e m i s s i v i t y  
u = Stefan-Boltzman cons tan t  

Assuming s u r f a c e  a b s o r b t i v i t y  and e m i s s i v i t y  va lues  o f  0.015 and 0.30, 
r e s p e c t i v e l y ,  ( t y p i c a l  va lues  f o r  Mylar,  f r o m  Ref. 3, page 1 2 3 ) ,  t h e  maximum 
and minimum temperatures o f  t h e  b a l l o o n  were found t o  be 290 K and 136 K ,  
r e s p e c t i v e l y .  
130 K.  

For des ign  purposes, t h e  tempera tu re  range was s e t  a t  300 K t o  
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3.2 B a l l o o n  Design Resu l t s  

i n  l a s t  q u a r t e r ' s  r e p o r t ,  Ref. 4) ,  I developed a p r o f i l e  o f  c r u i s i n g  a l t i t u d e  
vs. b a l l o o n  r a d i u s  f o r  d i f f e r e n t  pay load s i zes ,  as shown i n  F ig .  3.3. This  
and a s u p p o r t i n g  program a r e  shown i n  Appendices 3.1 and 3.2. 

Using a computer program based on Archimedes P r i n c i p a l  (as  desc r ibed  

CEUISIi\JG GLT.. VS R A D I U S  
HYDROGEN, T f i l l  = 220 K 

lb 18 20 2 2  24 1 4  
SALLOON RADiUS (m) 

F i g u r e  3.3 B a l l o o n  C r u i s i n g  A l t i t u d e  vs. Radius 

From t h i s  f i g u r e ,  a 19 m r a d i u s  b a l l o o n  was se lec ted ,  which w i l l  l i f t  
116 kg o f  pay load  t o  an a l t i t u d e  o f  2.5 km above t h e  M a r t i a n  datum. 
"pay load"  r e f e r s  t o  a l l  mass o t h e r  t h a n  t h e  b a l l o o n  f a b r i c  and gas, i n c l u d i n g  
t h e  s c i e n t i f i c  payload, power supply ,  and t e t h e r i n g .  The l o c a l  c r u i s i n g  
a l t i t u d e  depends upon t h e  a l t i t u d e  o f  t h e  s p e c i f i c  l a n d i n g  s i t e ,  and v a r i e s  
from 2.5 t o  4.5 km. The t o t a l  system mass approaches 370 k g ,  r e q u i r i n g  70 kg 
f r o m  t h e  mass budge t ' s  Management Reserve. The c l a s s  dec ided t o  d i p  i n t o  t h e  
r e s e r v e  r a t h e r  t h a n  downsize t h e  pay load t o  meet t h e  system mass requi rement  
o f  300 kg because we would have l o s t  a s i g n i f i c a n t  p o r t i o n  o f  t h e  v a l u a b l e  
s c i e n t i f i c  c a p a b i l i t i e s  o f  t h e  m iss ion .  Consequently, t h e  mass budget was 
changed so  t h a t  t h e  B a l l o o n  Rover now has 400 kg. 

The f a b r i c  chosen f o r  t h e  b a l l o o n  has t o  endure severe env i ronmenta l  
c o n d i t i o n s  t h a t  i n c l u d e  l a r g e  tempera tu re  extremes, p ro longed  exposure t o  UV 
r a d i a t i o n  and s i g n i f i c a n t  pressure- induced s t r e s s .  The s tudy  examined f o u r  
f a b r i c s  commonly used i n  super-pressure b a l l o o n  a p p l i c a t i o n s :  
Po lye thy lene ,  FEP-F1 ourocarbon, and a My1 ar /Rip-Stop Nylon 1 aminate. 
m a t e r i a l  was eva lua ted  based on d a t a  f r o m  Ref. 3, pg 77 and Ref. 5, pg 25. 

c o u l d  g e t  as c o l d  as 130 K. 
become b r i t t l e  below 190 K, and c o u l d  f a i l  under even o p t i m i s t i c  n i g h t t i m e  
temperatures.  
83 K, r e s p e c t i v e l y .  
as Mylar ,  M y l a r  was chosen f o r  t h e  b a l l o o n  f a b r i c .  

T h i s  

My1ar3 Each 

As d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  b a l l o o n  f a b r i c  temperature 
Both Po lye thy lene  and t h e  Mylar /Nylon l a m i n a t e  

FEP and M y l a r  have much l o w e r  minimum temperatures,  53 K and 
Since FEP i s  much denser, b u t  o n l y  about 1/10 as s t r o n g  



3.3 B a l l  oon Pressure E f f e c t s  
1 2  

The i n t e r n a l  p ressu re  o f  t h e  b a l l o o n  v a r i e s  d i r e c t l y  w i t h  i t ' s  
temperature;  as t h e  b a l l o o n  hea ts  d u r i n g  t h e  day, i t ' s  p ressu re  r i s e s  as w e l l .  
The p r e s s u r e  d i f f e r e n c e  (AP) between t h e  i n s i d e  of  t h e  b a l l o o n  and t h e  
su r round ing  atmosphere p laces  a s t r e s s  on t h e  f a b r i c  t h a t  can be expressed as: 

a = ~ P r / 2 t  

where 

u = induced s t r e s s  (N/m2) 
AP = a m b i e n t - i n t e r n a l  p ressu re  d i f f e r e n c e  (Pa) 
r = b a l l o o n  r a d i u s  (m)  
t = f a b r i c  t h i c k n e s s  (m) 

T h i s  e q u a t i o n  was used t o  f i n d  t h e  s t r e s s  vs AP f o r  v a r i o u s  b a l l o o n  
The y i e l d  s t r e n g t h  of  M y l a r  was t a k e n  f r o m  t e n s i l e  t e s t  

As can be seen i n  t h e  f i g u r e ,  t h e  maximum AP a 19 m r a d i u s  
s i z e s ( F i g u r e  3.4). 
d a t a  i n  Ref.  5. 
b a l l o o n  can t a k e  w i t h o u t  y i e l d  i s  about 510 Pa. 

3ALLOO1t' FABRIC STRESS PROFILE 
TI-IICK'DIESS = 0.0500 iiiiii 

0 i o 0  :a3 31 0 4 9 0  5 0 8  
PRESSURE DIFFERENCE (Pk) 

F i g u r e  3.4 B a l l o o n  S t r e s s  vs. Pressure D i f f e r e n c e  

The p r e s s u r e - i  nduced f a b r i c  s t r e s s  had t o  be cons ide red  when 
o p t i m i z i n g  t h e  amount o f  hydrogen t o  p l a c e  i n  t h e  ba l l oon .  
i s  p l a c e d  i n  t h e  b a l l o o n  envelope, t h e n  t h e  AP a t  300 K w i l l  exceed t h e  y i e l d  
s t r e n g t h  o f  t h e  f a b r i c .  However, enough gas must be  used s o  t h a t ,  as t h e  
b a l l o o n  c o o l s  a t  n i g h t ,  t h e  b a l l o o n  p r e s s u r e  remains above ambient, s i n c e  
f u r t h e r  c o o l i n g  a f t e r  t h i s  p o i n t  reduces t h e  b a l l o o n  volume, which adve rse l y  
a f f e c t s  buoyancy. 

I f  t o o  much gas 
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The I d e a l  Gas Law was used t o  determine t h e  AP r e s u l t i n g  f rom a sealed 

b a l l o o n  w i t h  a f i x e d  amount o f  H2 as i t  r i s e s  t o  i t s  c r u i s i n g  a l t i t u d e .  
changes i n  b o t h  p ressu re  and volume r e s u l t i n g  from expected tempera tu re  
f l u c t u a t i o n s  were a l s o  c a l c u l a t e d  by I d e a l  Gas Law, a c c o r d i n g  t o  t h e  
equa t ions  shown below. 

The 

where 

Pb = b a l l o o n  p ressu re  

Vb = b a l l o o n  volume 
T = b a l l o o n  tempera tu re  

m = mass o f  1 i f t i n g  gas 
R = H2 gas cons tan t  

By c a l c u l a t i n g  t h e  maximum AP a t  300 K and t h e  volume change a t  130 K, 

Based on t h i s  procedure,  
t h e  e f f e c t  o f  d a i l y  1 arge-scale tempera tu re  v a r i a t i o n s  on b a l l o o n  performance 
was determined f o r  d i f f e r e n t  amounts o f  l i f t i n g  gas. 
t h e  19 m r a d i u s  r o v e r  shou ld  be f i l l e d  w i t h  22 kg o f  H2. A t  300 K, a maximum 
AP o f  423 Pa r e s u l t s ,  which i s  w i t h i n  accep tab le  l i m i t s ,  as seen i n  F i g  3.4. 
The b a l l o o n  volume s t a y s  cons tan t  down t o  169 K, t h e n  s h r i n k s  as much as 23% 
i f  t h e  b a l l o o n  tempera tu re  drops t o  130 K. Based on a n i g h t t i m e  d e n s i t y  
p r o f i l e ,  t h e  b a l l o o n  would t h e n  d rop  t o  an a l t i t u d e  o f  1.0 km above t h e  
M a r t i a n  datum. 

3.4 A e r i a l  M i s s i o n  D u r a t i o n  

The b a l l o o n  w i l l  remain a l o f t ,  day and n i g h t ,  u n t i l  buoyancy i s  l o s t  
e i t h e r  th rough  a t e a r  i n  t h e  b a l l o o n  envelope, o r  t h rough  d i f f u s i o n  l osses .  
Based upon d i f f u s i o n  r a t e s  g i v e n  i n  Ref. 3 f o r  H2 th rough  Mylar ,  d i f f u s i o n  
l o s s e s  do n o t  s i g n i f i c a n t l y  a f f e c t  m i s s i o n  l i f e .  The p o s s i b i l i t y  e x i s t s  f o r  
t e a r s  i n  t h e  f a b r i c  r e s u l t i n g  f r o m  p a r t i c l e  impingement. The b a l l o o n  shou ld  
t h e r e f o r e  be launched d u r i n g  t h e  M a r t i a n  n o r t h e r n  summer t o  a v o i d  t h e  hazard 
o f  d u s t  storms. 

The l i m i t i n g  f a c t o r  i n  b a l l o o n  l i f e t i m e  i s  l o s s  o f  f a b r i c  t e n s i l e  
s t r e n g t h  due t o  p ro longed  UV r a d i a t i o n  exposure. 
t e n s i l e  s t r e n g t h  o f  M y l a r  i s  reduced by as much as 30% a f t e r  120 hours of  
exposure. 
day, and w i t h  t h e  t e n s i l e  y i e l d  s t r e n g t h  s a f e t y  marg in  b e i n g  around 20%, I 
es t ima ted  a b a l l o o n  l i f e t i m e  o f  5 - 7 days. It shou ld  be noted, however, t h a t  
t h e r e  a r e  c o a t i n g s  a v a i l a b l e  which absorb UV r a d i a t i o n ;  t h e s e  have t h e  
p o t e n t i a l  t o  s i g n i f i c a n t l y  improve t h e  l i f e t i m e  o f  t h e  b a l l o o n .  

Based on d a t a  i n  Ref. 3, t h e  

Since t h e  b a l l o o n  w i l l  be exposed f o r  app rox ima te l y  12 hours each 
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Areas o f  F u r t h e r  Study 

The r e s u l t s  o f  t h e  B a l l o o n  Systems Design a n a l y s i s  i n d i c a t e  t h a t  a 
f e a s i b l e  M a r t i a n  B a l l o o n  Rover can be developed w i t h  present-day technology.  
Some areas o f  a n a l y s i s  and des ign  need t o  be researched i n  g r e a t e r  d e t a i l ,  
however, b e f o r e  a f i n a l  B a l l o o n  Rover des ign  can be developed. 

c h a r a c t e r i s t i c s  o f  t h e  b a l l o o n  f a b r i c ,  Mylar ,  and t a i l o r i n g  f o r  optimum 
performance i n  t h e  M a r t i a n  environment. S i g n i f i c a n t  v a r i a t i o n s  i n  t h e  b a l l o o n  
temperature range can be r e a l i z e d  by changing t h e  s u r f a c e  e m i s s i v i t y  and 
a b s o r b t i v i t y  o f  My la r ,  p o s s i b l y  u s i n g  the rma l  coa t ings .  Coat ings can p o s s i b l y  
be used t o  absorb UV r a d i a t i o n ,  which would i n c r e a s e  t h e  r o v e r ' s  a e r i a l  
m i s s i o n  d u r a t i o n .  Some t y p e  of  s e l f - s e a l i n g  system, such as used i n  modern 
automot ive t i r e s ,  would reduce t h e  t h r e a t  o f  p a r t i c l e  impingement. 

conducted on improved b a l l o o n  f a b r i c s  t h a t  would g r e a t l y  enhance t h e  
c a p a b i l i t i e s  o f  a M a r t i a n  rove r .  High s t r e n g t h ,  l i g h t w e i g h t  f a b r i c s  a r e  
b e i n g  developed by  t h e  J e t  P r o p u l s i o n  Lab, among others.2 
f a b r i c  d e n s i t i e s ,  1 /4  t h a t  o f  s tandard My la r ,  would a l l o w  a s u b s t a n t i a l  
i n c r e a s e  i n  pay load  c a p a b i l i t y ,  o r  a downsiz ing o f  t h e  b a l l o o n  used t o  l i f t  
t h e  same payload. 

-- 3.5 

F u r t h e r  work i s  needed t o  b e t t e r  understand t h e  s u r f a c e  

I 

It shou ld  be no ted  t h a t  t h e r e  i s  a g r e a t  deal  o f  research  b e i n g  

T h e i r  ex t reme ly  low 
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, O  Ba l loon  Depl oyment 

Two fundamenta l l y  d i f f e r e n t  methods f o r  d e p l o y i n g  t h e  b a l l o o n  system 
were s t u d i e d  i n  o r d e r  t o  de termine t h e i r  f e a s i b i l i t y .  
1) t o  deploy t h e  b a l l o o n  o u t  o f  t h e  mothersh ip  once i t  has landed, and 2) t o  
dep loy  t h e  b a l l o o n  d u r i n g  t h e  i n i t i a l  descent  f rom o r b i t .  
these o p t i o n s  a r e  developed and d iscussed,  and t h e  b e t t e r  o f  t h e  two s e l e c t e d  
f o r  t h e  b a s e l i n e  des ign.  

These methods are:  

I n  t h i s  s e c t i o n ,  

4.1 Ground Deployment -- Jim C a n t r e l l  

4.1.1 F a b r i c  Storage - and Depl oyment 

Some o f  t h e  i s s u e s  govern ing  t h e  ground deployment scheme a re :  
1) t h e  b a l l o o n  f a b r i c  s t o r a g e  method, 2)  t h e  b a l l o o n  l i f t  d u r i n g  t h e  
f i l l i n g  pe r iod ,  and 3) t h e  b a l l o o n ' s  angu la r  d e f l e c t i o n  ( toward  t h e  
ground) due t o  s u r f a c e  wind c o n d i t i o n s .  The b a l l o o n  f a b r i c  needs t o  be 
s t o r e d  i n  a f a s h i o n  conducive t o  s imp le  deployment, and t h e  system must 
be a b l e  t o  l i f t  i t s e l f  o u t  o f  t h e  s to rage  bay w i t h o u t  damage t o  t h e  
f a b r i c .  
depl  oyment system. 

b a l l o o n  f a b r i c  p r i o r  t o  deployment, t h e  s to rage  system shown i n  F i g u r e  
4.1 was crea ted .  
t h e  creases which ex tend l o n g i t u d i n a l l y  around t h e  p e r i m e t e r  o f  t h e  
ba l l oon .  These f o l d s  h e l p  t h e  f a b r i c  t o  be drawn toward  t h e  c e n t r a l  
b a l l o o n  a x i s  i n  an o r d e r l y  f a s h i o n  when i t  i s  p u l l e d  l eng thw ise ,  as shown 
i n  v iew B. The f a b r i c  i s  t h e n  r o l l e d ,  o r  t w i s t e d ,  l i k e  an umbre l la ,  and 
encased w i t h  a t h i n  membrane, which i s  shown i n  t h e  c ross -sec t i on ,  A-A. 
The ma jo r  b e n e f i t s  t o  such a system a r e  c o n t r o l l e d  deployment, and i t s  
a b i l i t y  t o  be  c o i l e d  f o r  s to rage.  

Whi le  f i l l i n g ,  t h e  b a l l o o n  does n o t  have s u f f i c i e n t  buoyancy t o  
b e g i n  l i f t i n g  even t h e  f a b r i c  o u t  o f  t h e  s to rage  bay u n t i l  a c r i t i c a l  
volume i s  reached. Th is  c r i t i c a l  p o i n t  corresponds t o  a c r i t i c a l  r a d i u s  
def ined  by: 

These c r i t e r i a  were used t o  develop and e v a l u a t e  t h e  ground 

R e q u i r i n g  s imp le  and c o n t r o l l e d  r e l e a s e  and compact s to rage  o f  t h e  

View A shows t h e  b a l l o o n  i n  t h e  deployed s t a t e .  Note 

3 Pf T 

P 

1 1 
Rcr  = 

where: 

Rc, = c r i t i c a l  b a l l o o n  r a d i u s  (m) 
pf = f a b r i c  area d e n s i t y  (kg/m2) 
T = ambient tempera ture  ( K )  
P = ambient p ressu re  (Pa) 
R c o ~ =  CO2 gas cons tan t  (188 N m/kg K )  
 RH^ = H2 gas cons tan t  (4124.N m/kg K )  

( T h i s  r e l a t i o n  i s  d e r i v e d  i n  Appendix 4.2) 
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F igu re  4.1 
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Using a f a b r i c  d e n s i t y  o f  0.0502 kg/m2, an ambient p r e s s u r e  o f  

600 Pa and tempera tu re  of 220 K, t h e  c r i t i c a l  r a d i u s  i s  10 meters. Th is  
f i g u r e  i s  much t o o  l a r g e  t o  expect  t h e  b a l l o o n  t o  l i f t  i t s e l f  o u t  o f  t h e  
depl  oyment bay. 

t h e  b a l l o o n  i s  obvious. Several  p o s s i b i l i t i e s  i n c l u d e  t h e  use o f  a 
mechanical  arm, o r  a drogue ba l l oon .  The mechanical  arm has seve ra l  
ma jo r  drawbacks, among which i s  t h e  immediate danger o f  damage t o  t h e  
b a l l o o n  f a b r i c  d u r i n g  t h e  i n f l a t i o n  phase. This,  a l o n g  w i t h  t h e  mass 
p e n a l t y  and c o m p l e x i t y  i n h e r e n t  i n  an arm make i t  l e s s  d e s i r a b l e  t h a n  a 
pass i ve  system such as t h e  drogue ba l l oon .  F i g u r e  4.2 shows t h e  
deployment system u s i n g  a drogue. 
mass and s i m p l i c i t y  as w e l l  as p o s i n g  no obv ious t h r e a t  t o  t h e  i n t e g r i t y  
o f  t h e  b a l l o o n  f a b r i c .  

The drogue ba l l oon ,  b e i n g  made o f  u l t r a - t h i n  m a t e r i a l ,  has a smal l  
c r i t i c a l  r a d i u s  and t h u s  l i f t s  i t s e l f  o u t  o f  t h e  deployment bay. Use o f  
an u l t r a - t h i n  m a t e r i a l  does n o t  compromise t h i s  b a l l o o n  as i t s  m i s s i o n  i s  
r e l a t i v e l y  s h o r t - l i v e d  s i n c e  i t  i s  n o t  needed a f t e r  t h e  main b a l l o o n  i s  
deployed. The drogue's  l i f t  i s  s u f f i c i e n t  t o  r a i s e  an amount o f  t h e  main 
b a l l o o n  such t h a t  i t s  c r i t i c a l  volume can be reached. 
g r a p h i c a l l y ,  t h e  r e l a t i o n s h i p  between n e t  drogue l i f t  and t h e  amount o f  
undeployed b a l l o o n  l e n g t h  ( see  Appendix 4.2). The drogue l i f t  
requi rements a r e  q u i t e  reasonable f o r  l e n g t h s  o f  deployment l e s s  t h a n  3 
meters ( <  1.5 k g ) .  Using a l i f t  o f  1.5 kg, and a f a b r i c  a rea  d e n s i t y  o f  
10 g/m2, a r a d i u s  o f  2.87 meters i s  r e q u i r e d  f o r  t h e  drogue b a l l o o n .  
T h i s  i s  a reasonable s i z e  t h a t  can be e a s i l y  s t o r e d  and deployed. 

The o v e r a l l  deployment scheme proceeds as f o l l o w s .  The drogue 
b a l l o o n  (2.87m) f i l l s  w i t h  hydrogen and beg ins  t o  r i s e  o u t  o f  t h e  bay, 
1 i f t i  ng t h e  undepl oyed b a l l  oon m a t e r i  a1 . An equ i  1 i b r i  um p o i  n t  i s reached 
and f i l l i n g  o f  t h e  main b a l l o o n  commences. Once t h e  c r i t i c a l  r a d i u s  i s  
reached, t h e  main b a l l o o n  beg ins  t o  l i f t  i t s e l f ,  d e p l o y i n g  more o f  t h e  
f a b r i c  by t e a r i n g  away t h e  p r o t e c t i v e  sheath v i a  t h e  r ipcords,  l i k e  
p e e l i n g  a banana. 
deployment. 

The need f o r  some form o f  a l i f t i n g  mechanism t o  deploy a l e n g t h  o f  

The drogue has t h e  advantage of  l ow  

F i g u r e  4.3 shows, 

T h i s  a l l o w s  t h e  l i f t  t o  c o n t r o l  t h e  r a t e  of f a b r i c  
The t o p  o f  t h e  b a l l o o n  r i s e s  acco rd ing  t o :  

-F/g + Ld + V*t*pC02 - mdot*t 
Y =  + li 

2 71 Rb Pf 

where: 

,Y = 
li = 

Ld = 
F =  

PC02 = 
mdot = 

t =  
Rb = 
Pf = 

v =  

t o t a l  h e i g h t  above t h e  l a n d e r  (in) 
i n i t  i a1 depl  oyment 1 engt  h (m) 
r i p c o r d  t e n s i o n  ( N )  
n e t  drogue l i f t  ( k g )  
atmospher ic d e n s i t y  ( k9/m3) 
mass f l o w  r a t e  i n t o  t h e  b a l l o o n  ( k g / s )  
t i m e  s i n c e  b e g i n  o f  f i l l  ( sec )  
b a l l o o n  r a d i u s  (m) 
f a b r i c  area d e n s i t y  (kg/m2) 
mdOt*R~2*Tamb 

Pamb 
( l i s t  con t i nues  on page 21) 
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F i g u r e  4.2 
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 RH^ = hydrogen gas c o n s t a n t  (4124 N m/kg K)  

( D e r i v e d  i n  Appendix 4.3) 

Tamb = ambient t empera tu re  ( K )  
Pamb = ambient p r e s s u r e  (Pa) 

2 1  

From t h i s  r e l a t i o n s h i p ,  F i g u r e  4.4 was der ived.  Var ious mass f l o w  
r a t e s  were used i n  o r d e r  t o  compare t h e  behav io r  o f  t h e  b a l l o o n  d u r i n g  
deployment. A s l i g h t  d i p p i n g  i s  seen d u r i n g  t h e  i n i t i a l  phases o f  t h e  
deployment due t o  t h e  n o n - l i n e a r  r e l e a s e  o f  t h e  f a b r i c ,  b u t  i t  i s  n o t  
s i g n i f i c a n t .  
deployment scheme i s  n o t  mass f l o w  i n t e n s i v e  as even ve ry  smal l  f l o w  
r a t e s  e x h i b i t  no d e t r i m e n t a l  e f f e c t s  on t h e  b a l l o o n  deployment. 

t h e  ground deployment scheme. 
t o  t h e  b a l l o o n  f a b r i c ,  i n s t a b i l i t y  i n  t h e  mothersh ip/ lander ,  and 
undesi  r a b l  e b a l l  oon f a b r i c  depl  oyment . 
d e f l e c t i o n  i s  d e r i v e d  i n  Appendix 4.4: 

It i s  a l s o  apparent from t h i s  f i g u r e  t h a t  a ground 

B a l l o o n  d e f l e c t i o n  due t o  s u r f a c e  winds a r e  a l i m i t i n g  f a c t o r  i n  
Large d e f l e c t i o n s  c o u l d  r e s u l t  i n  damage 

An equa t ion  d e s c r i  b i  ng t h e  

Us ing  t h i s  r e l a t i o n s h i p ,  F i g u r e  4.5 was developed. As can be seen, 
wind speeds above 15 m/s pose a t h r e a t  t o  t h e  b a l l o o n ,  b u t  average 
s u r f a c e  winds o f  5 m/s pose l i t t l e  danger. 
d e f l e c t i o n  angles a r e  most severe d u r i n g  a s h o r t  t r a n s i e n t  pe r iod .  
i t  may be  t o l e r a b l e  t o  launch t h e  b a l l o o n s  i n  winds up t o  15 m/s. 
i n t e r e s t i n g  t o  n o t e  a t  t h i s  p o i n t  t h a t  a wind c o n d i t i o n  o f  30 m/s and a 
mass f l o w  r a t e  o f  1 5  g/s grounded t h e  ba l l oon .  Th is  i s  due t o  t h e  wind 
d r a g  fo rces  d e p l o y i n g  t h e  b a l l o o n  f a b r i c  b e f o r e  enough l i f t  i s  generated 
t o  s u p p o r t  it. Cons ide r ing  t h e  above r e s u l t s ,  i t  i s  apparent t h a t  winds 
do pose a problem f o r  t h e  o v e r a l l  ground deployment scheme and impose 
c r i t e r i a  concern ing  a1 lowable l a u n c h  c o n d i t i o n s .  

It must be no ted  t h a t  t h e  
Thus, 
It i s  
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4.1.2 Hydrogen S t  orage 

l o n g  p e r i o d  o f  t i m e  ( 2  y e a r s )  poses some ve ry  c h a l l e n g i n g  des ign  problems 
when t h e  system mass i s  as c r i t i c a l  as i t  i s  w i t h  t h i s  b a l l o o n  rove r .  
Three methods o f  s t o r a g e  were considered:  
storage, 2 )c ryogen ic  s torage,  and 3 ) s o l i d  s torage.  The problem w i t h  h i g h  
p ressu re  i s  t h e  l a r g e  mass a s s o c i a t e d  w i t h  such systems, and l i q u i d  
hydrogen must be ma in ta ined  a t  an ex t reme ly  low tempera tu re  (6.86 K).1 
S o l i d  s t o r a g e  can be mass - in tens i ve  and a l s o  p resen ts  e x t r a c t i o n  
problems. Due t o  t h e  l a c k  o f  l i t e r a t u r e  on t h i s  method i t  was n o t  
pursued. High p ressu re  was deemed t h e  most f e a s i b l e  manner o f  s t o r a g e  i n  
l i g h t  o f  expected advances i n  l i g h t w e i g h t  s t r u c t u r a l  m a t e r i a l s .  

The use o f  conven t iona l  me ta l s  f o r  t h e  p ressu re  vessel  r e s u l t  i n  an 
unacceptably  h i g h  mass, m a i n l y  due t o  t h e  s t o r a g e  pressures of  up t o  28 
MPa. A sphere c o n s t r u c t e d  o f  t i t a n i u m  r e q u i r e s  225kg. T h i s  mass i s  much 
t o o  high. A l t e r n a t i v e  m a t e r i a l s  were sought i n  o r d e r  t o  reduce t h i s  mass 
requi rement .  One p o s s i b l e  c l a s s  o f  m a t e r i a l s  a r e  carbon f i b e r  r e i n f o r c e d  
composites. 

a c t i v e l y  researched and advanced a t  present .  D e s p i t e  t h i s ,  d i f f u s i o n  o f  
H2 th rough  t h e  t a n k  m a t e r i a l  i s  a v e r y  r e a l  concern, e s p e c i a l l y  w i t h  a 
porous m a t e r i a l  such as a composite. Th i s  i s  an area o f  c u r r e n t  research  
and f o r  t h e  purposes o f  t h i s  p r e l i m i n a r y  design, i t  was assumed t h a t  t h i s  
problem w i  11 p rove  s o l  vabl  e. 

F i g u r e  4.6 shows t h e  r e l a t i o n s h i p  between t h e  geometr ic  p r o p e r t i e s  
and t h e  mass o f  a s p h e r i c a l  t ank  composed o f  carbon f i b e r  l am ina tes .  The 
f i g u r e  i s  based on a q u a s i - i s o t r o p i c  p l y  ang le  lay-up:  (45,90,-45,0), t h e  
Reidl ich-Kwong e q u a t i o n  o f  s t a t e  f o r  hydrogen, t h i n - w a l l  p ressu re  vessel  
a n a l y s i s ,  and a s i n g l e - p l y  f a i l u r e  c r i t e r i o n .  Fo r  o u r  a p p l i c a t i o n ,  t h e  
vessel  has t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  

The s t o r a g e  o f  22 kg of  hydrogen i n  a smal l  volume ( <  1 m3) f o r  a 

1 ) c o n v e n t i o n a l  h i g h  p ressu re  

Composites o f f e r  good s t r e n g t h - t o - w e i g h t  r a t i o s ,  as w e l l  as b e i n g  

d i mens i ons 1.24 m dia., 1 rn3 volume 

c a p a c i t y  22 kg hydrogen 

mass 80 kg (w/o hydrogen) 

max. temperature 300 K 

p ressu re  28 MPa 

(see  Appendix 4.9) 

As can be seen i n  t h e  f i g u r e ,  t h e  use o f  composi tes o f f e r s  s u b s t a n t i a l  
mass sav ings o v e r  conven t iona l  m a t e r i a l s .  As p r e v i o u s l y  mentioned, 
f u r t h e r  research  needs t o  be conducted i n  o r d e r  t o  assess problems o f  
d i f f u s i o n  and t h e  e f f e c t s  o f  repeated l o a d  c y c l i n g  due t o  temperature and 
p ressu re  f 1 u c t u a t i o n s .  
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4.2 Descent Deployment -- John Higham 

4.2.1 I n i t i a l  Designs 

Three schemes f o r  descent deployment were cons dered. 
i s  t o  l e a v e  t h e  b a l l o o n  r o v e r  a t tached  t o  t h e  l ander ,  and t o  f i l l  t h e  
b a l l o o n  as t h e  system descends. 
MLR u n i t ,  t h e n  use a smal l  r o c k e t  t o  launch t h e  b a l l o o n  r o v e r  i n t o  a 
p a r a b o l i c  t r a j e c t o r y  and t o  beg in  f i l l i n g  t h e  b a l l o o n  when apogee i s  
reached. The t h i r d  i d e a  i s  t o  separa te  t h e  b a l l o o n  and i t s  payload, 
a long  w i t h  t h e  necesssary i n f l a t i o n  apparatus, from t h e  l a n d e r  when t h e  
l a n d e r  i s  ready t o  deploy i t s  parachute  (-5800 meters ) .  
i s  t h e  one s t u d i e d  i n  t h e  most d e t a i l  f o r  reasons t h a t  f o l l o w .  

I n  o r d e r  t o  f i l l  t h e  b a l l o o n  w h i l e  a t tached  t o  t h e  descending 
l ander ,  i t  i s  necessary t o  have t h e  b a l l o o n  f u l l  and ready t o  de tach  
p r i o r  t o  t h e  f i r i n g  o f  t h e  l a n d e r  r e t r o - r o c k e t s .  Th i s  may n o t  be a 
problem, b u t  f i l l i n g  t h e  b a l l o o n  beh ind  a v e h i c l e  as l a r g e  as t h e  
mothersh ip  ( 2  meter  d ia . )  may be, due t o  t h e  r e s u l t a n t  tu rbu lence.  
was dec ided t h a t  avoidance o f  t h i s  p o t e n t i a l  would be prudent  and thus ,  
t h i s  des ign  was n o t  cons idered i n  g r e a t  d e t a i l .  

s u b o r b i t a l  t r a j e c t o r y  was t h a t  t h e  v e l o c i t y  would be  e s s e n t i a l l y  ze ro  a t  
t h e  p o i n t  o f  deployment. Th is  c o u l d  be used t o  advantage by d e p l o y i n g  a 
parachute  s i z e d  t o  p r o v i d e  as much f i l l  t i m e  a s  necessary. 
d isadvantage i s  t h e  obv ious i n c r e a s e  i n  mass o f  t h e  l a n d i n g  systems and 
t h e  b a l l o o n  launch  rocket .  T h i s  deployment system, t h e r e f o r e ,  i s  viewed 
as a " l a s t  r e s o r t "  o p t i o n .  

Dep loy ing  t h e  b a l l o o n  and i t s  pay load as i t  descends, separa te  
f rom t h e  mothersh ip ,  proved t o  be t h e  p r e f e r r e d  method. 
p r o v i d i n g  s u f f i c i e n t  f i l l  t i m e  (depending upon parachute  s i z i n g ) ,  i t  a l s o  
cons ide rab ly  decreases t h e  landed mass. This ,  i n  t u r n ,  a l l o w s  an 
i n c r e a s e  i n  t h e  pay load mass f o r  t h e  sur face  opera t i ons .  
o f  t h i s  s e c t i o n  i s  devoted t o  d e s c r i b i n g  how t h e  descent  was modeled and 
t h e  r e s u l t i n g  s o l u t i o n s .  

4.2.2 Descent Model ing 

The f i r s t  

The second o p t i o n  i s  t o  l a n d  t h e  e n t i r e  

T h i s  l a s t  scheme 

It 

The m o t i v e  f o r  d e p l o y i n g  t h e  b a l l o o n  as i t  reached t h e  peak o f  a 

A major  

I n  a d d i t i o n  t o  

The remainder  

It was dec ided t o  separa te  t h e  b a l l o o n  pay load f rom t h e  l a n d e r  j u s t  
p r i o r  t o  when t h e  l a n d e r  dep loys  i t s  parachute.  T h i s  t r a n s l a t e s  i n t o  an 
a l t i t u d e  o f  5800 meters and a v e l o c i t y  o f  250 m/s. Next I proceeded t o  
develop a Free  Body Diagram o f  t h e  b a l l o o n  r o v e r  system i n  o r d e r  to 'mode l  
i t s  mot ion.  The f o l l o w i n g  d i f f e r e n t i a l  equa t ion  r e s u l t e d  (See Appendix 
4.6 f o r  t h e  d e r i v a t i o n ) :  
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where 

FB = B a l l o o n  l i f t  f o r c e  

Fp = Ba l l oon /pa rachu te  d rag  f o r c e  

G = G r a v i t y  f o r c e  on Mars 

M = System mass 

x = D is tance  above t h e  s u r f a c e  of Mars 

T h i s  e q u a t i o n  was c a l c u l a t e d  i n  a computer program t h a t  a l l owed  v a r i a t i o n  
o f  parameters such as fill t ime ,  d rag  c o e f f i c i e n t s ,  and parachute s i ze .  
R e s u l t s  f r o m  s e v e r a l  cases were compared t o  d e f i n e  p o s s i b l e  descent 
scenar ios.  
which i s  a rguab ly  t h e  b e s t  choice.  O f  s p e c i a l  i n t e r e s t  a r e  t h e  maximum 
d e c e l e r a t i o n ,  b a l l o o n  f i l l  t ime,  and c r u i s i n g  a l t i t u d e .  

The f o l l o w i n g  t a b l e  p resen ts  p e r t i n e n t  d a t a  on t h e  parachute 

Parachute s i z e :  300 m 2  

Time (sec )  A l t i t u d e  (m) V e l o c i t y  (m/s) 

0 
1 

300 

310 
311 

877 
8 78 

900 

N 

N 

N 

N 

5800 
5604 

705 

656.59 
656.29 

2693.22 
2693.22 

2690.11 

-235 
-165.3 Maximum decel  e r a t i  on 

-9.4 B a l l o o n  i s  f u l l  

-0.644 
0.033 B a l l o o n  begins t o  r i s e  

0.008 
-0.005 C r u i s i n g  a l t i t u d e  

-0.272 Small o s c i  11 a t i  ons about 
c r u i  s i  ng a1 t i  t u d e  

Graphica l  r e p r e s e n t a t i o n  o f  t h e  r e s u l t s  o f  t h i s  computer a n a l y s i s  i s  
shown i n  F i g u r e s  4.7 th rough  4.12. A l i s t i n g  o f  t h e  program code i s  
i n c l u d e d  i n  Appendix 4.7. 

4.2.3 F i l l i n g  t h e  B a l l o o n  - 
One o f  t h e  ma jo r  ques t i ons  t h a t  needs t o  be answered i s  what a 

reasonable f i l l  t i m e  i s .  
t o  know t h e  gas s to rage  method. 
h i g h  p ressu re  o p t i o n  appears bes t ,  e s p e c i a l l y  f o r  descent deployment, 
which w i l l  r e q u i r e  f a i r l y  r a p i d  i n f l a t i o n .  To c a l c u l a t e  t h e  mass f l o w  
r a t e  i n t o  t h e  b a l l o o n ,  i d e a l  gas c o n d i t i o n s  were assumed. Even though 
t h e  s t o r a g e  p ressu re  f o r  t h e  hydrogen i s  q u i t e  a b i t  above t h e  c r i t i c a l  
p ressu re  f o r  hydrogen, i t  t u r n s  o u t  t h a t  t h i s  assumption i s  v a l i d  (see 
Appendix 4.8 f o r  d e t a i l s ) .  

I n  o r d e r  t o  answer t h i s  q u e s t i o n  we f i r s t  need 
As was d iscussed i n  S e c t i o n  4.1.2, t h e  



For F i g u r e s  4.7 - 4.12, the  f o l l o w i n g  d a t a  a p p l y ,  

I n i t i  a1 ve l  oc i  t y  250 m/s 

Descent a n g l e  20" 

I n i t i a l  a l t i t u d e  5800 m 

Radius of  b a l l o o n  19.5 m 

Tota l  payload  mass 363 kg 

Mass o f  hydrogen g a s  22 kg  

Mass o f  H2 s t o r a g e  t a n k  80 kg  

Pa rachu te  deployment t ime 15 sec 

Pa rachu te  C D  1.0 

Add i t iona l  pa rame te r s  app ly  t o  each  f i g u r e ,  a s  noted.  

Bal loon  C D :  As f i l l i n g  -- 0.01, F i l l e d  -- 0.1 
Pa rachu te  d e t a c h e s  when  b a l l o o n  i s  f u l l  

Figure 4.7 
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B a l l o o n  CD: As f i l l i n g  -- 0.1, F i l l e d  -- 0.5 
Parachute detaches when b a l l o o n  i s  f u l l  
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B a l l o o n  CD: 
Parachute detaches when b a l l o o n  begins t o  r i s e  

As f i l l i n g  -- 0.1, F i l l e d  -- 0.5 

F i g u r e  4.12 

Us ing  t h i s  assumption, i t  was found t h a t  f o r  a 15 meter, 25.4 mm d iamete r  
f i l l  tube,  i t  t a k e s  approx ima te l y  23 seconds f o r  t h e  b a l l o o n  t o  f i l l .  
T h i s  may, i n  f a c t ,  p rove  t o  be t o o  f a s t ,  s i n c e  t h e  hydrogen coming o u t  o f  
t h e  n o z z l e  w i l l  have an i n i t i a l  v e l o c i t y  o f  247 m/s and a mass f l o w  r a t e  
o f  3 kg/s. 
F o r  t h i s  r e a s o n ,  f i l l  t i m e s  o f  u p  t o  300 seconds ( 5  m i n u t e s )  were 
considered.  
b a l l o o n  can s a f e l y  be f i l l e d .  
see Appendix 4.8. 

A q u i c k  g lance  a t  F i g u r e s  4.9 th rough  4.12 i n d i c a t e s  t h a t  t h e  
pa rachu te  i s  needed o n l y  u n t i l  t h e  b a l l o o n  i s  f u l l .  I f  t h e  pa rachu te  
remains a t t a c h e d  any l o n g e r  t h a n  t h i s  i t  weighs down t h e  b a l l o o n ,  n o t  
a l l o w i n g  i t  t o  r i s e .  O f  t h e  cases p resen ted  above, i t  i s  b e l i e v e d  t h a t  
F i g u r e s  4.9 and 4.10 a r e  t h e  b e s t  models, w i t h  F i g .  4.9 b e i n g  t h e  most 
r e a l i s t i c ,  as t h e  case i n  F ig .  4.10 has t o o  r a p i d  a f i l l  t i m e  (see  
Appendix 4.8). 

computer program, b u t  t h e  v a r i o u s  cases were so  c l o s e  t h a t  i t  was ve ry  
d i f f i c u l t  t o  g a i n  much i n f o r m a t i o n  f rom t h e s e  p l o t s .  
a r e  i m p o r t a n t  i n  d e t e r m i n i n g  expected d e c e l e r a t i o n s .  
o f  two worst -case s i t u a t i o n s  a r e  p resen ted  on t h e  f o l l o w i n g  page. 
d a t a  shows t h e  d e c e l e r a t i o n  which t a k e s  p l a c e  d u r i n g  t h e  f i r s t  t e n  
seconds o f  b a l l o o n  r o v e r  deployment when parachutes o f  100 m2 and 500 m2, 
r e s p e c t i v e l y ,  a r e  employed. 

T h i s  i s  p o t e n t i a l l y  hazardous t o  t h e  f a b r i c  o f  t h e  b a l l o o n .  

F u r t h e r  s tudy i s  necessary t o  determine how r a p i d l y  t h e  
Fo r  a d d i t i o n a l  mass f l o w  c o n s i d e r a t i o n s  

Graphs o f  v e l o c i t y  as a f u n c t i o n  o f  t i m e  were generated by t h e  

V e l o c i t y  p r o f i l e s  
An ab r idged  t a b l e  

Th is  



Parachute S i z e  = 100 m2 
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Time (sec )  A l t i t u d e  (meters)  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Parachute S i z e  = 500 m2 

5800.00 
5575.40 
5374.72 
5200.38 
5049.25 
4917.07 
4799.99 
4694.95 
4599.96 
45 12.00 
4430.87 

Time ( s e c )  A1 t i tude  (meters)  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5800.00 
5621.07 
5513.01 
5442.47 
5391.2 1 
5350.67 
5316.57 
5286.58 
5259.32 
5233.93 
5209.88 

V e l o c i t y  (m/s )  

-234.923 
-214.968 
-187.788 
-162.305 
-141.103 
-124.138 
-110.666 

-99.911 
-91.237 
-84.158 
-78.312 

V e l o c i t y  ( m / s )  

-234.923 
-139.861 

-85.652 
-59.081 
-45.015 
-36.848 
-31.774 
-28.463 
-26.219 
-24.653 
-23.532 

' The h i g h e s t  d e c e l e r a t i o n  exper ienced w i t h  t h e  100 m2 parachute i s  on t h e  
o r d e r  of 3 E a r t h  g ' s ,  whereas t h e  1a rge r .pa rachu te  produces l o a d i n g  as 
h igh  as 10 9 ' s .  This  shou ld  be a m a j o r  c o n s i d e r a t i o n  i n  t h e  e v e n t u a l  
s e l e c t i o n  o f  a m i  s s i  on pa rchu te  because undoubtedly t h e r e  w i  11 be  pay1 oad 
components which l i m i t  t h e  l o a d i n g  which t h e  system can be s u b j e c t e d  t o .  
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4.3 Conclusions 

A f t e r  c o n s i d e r i n g  t h e  advantages and problems a s s o c i a t e d  w i t h  t h e  
ground-based and t h e  descent deployment schemes, we dec ided t h a t  a i r b o r n e  
deployment i s  p r e f e r r e d .  
between t h e  f a b r i c  and t h e  M a r t i a n  surface. 
around t h e  i n f l a t i n g  b a l l o o n  may cause damage t o  t h e  f a b r i c .  
b e s t  addressed by e x p e r i m e n t a t i o n  as was employed i n  t h e  development o f  t h e  
V i k i n g  descent parachute.  
t h a t  i t  inc reases  t h e  mass which can be used f o r  t h e  mothersh ip and SAR, t h u s  
a l l o w i n g  more s c i e n t i f i c  payload. 

Th is  method avoids t h e  p o t e n t i a l  problem o f  c o n t a c t  

Th is  concern i s  
However, t u r b u l e n t  a i r  f l o w  

A ma jo r  p o i n t  i n  f a v o r  o f  descent deployment i s  
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5.0 O p t i c s  and Communictaions -- Steven Brown - 
5.1 O p t i c a l  Requirements - of B a l l o o n  Rover 

One o f  t h e  main o b j e c t i v e s  o f  t h e  b a l l o o n  r o v e r  i s  t o  o b t a i n  h i g h  
r e s o l u t i o n  photographs o f  t h e  s u r f a c e  of  Mars. 
are:  

Some o f  t h e  c o n s i d e r a t i o n s  

1. Minimum r e s o l u t i o n  requi rements 

2. Minimum a rea  o f  coverage p e r  photograph 

3. Required 1 ens f o c a l  1 engths 

4. Type o f  photographs 

a)  b l a c k  and w h i t e  o r  c o l o r  

b )  s p e c t r a l  response: i n f  rared, v i  s i  b l  e, u l  t r a v i  o l  e t .  

The r e s o l u t i o n  o b t a i n e d  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number o f  
photo-sensors i n  t h e  d e v i c e  and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  a rea  which i s  
t o  be covered by each image. 
which i s  sensed by each p i x e l  (photo-sensor)  a l s o  increases,  r e s u l t i n g  i n  a 
l o w e r  r e s o l u t i o n .  T h i s  can be c o r r e c t e d  by i n c r e a s i n g  t h e  number o f  p i x e l s  
p e r  photograph. 
r e q u i r e d  t o  o b t a i n  a p a r t i c u l a r  r e s o l u t i o n ,  

The area covered by a square a r r a y  pho to -de tec to r  i s  r e l a t e d  t o  t h e  
r e s o l u t i o n  by t h e  f o l l o w i n g  equa t ion :  

As t h e  coverage area i nc reases  t h e  a rea  

Another f a c t o r  which must cons ide red  i s  t h e  f o c a l  l e n g t h  

Where R i s  t h e  r e s o l u t i o n ,  A i s  t h e  area covered and Np i s  t h e  number o f  
p i x e l s  i n  t h e  square a r r a y .  

would r e q u i r e  a square a r r a y  o f  1000 p i x e l s  on a s ide.  Since d e t e c t o r s  a r e  
u s u a l l y  manufactured i n  powers o f  two, t h e  d e t e c t o r  a r r a y  s i z e  needed would 
have 1024 p i x e l s  on a s ide.  See F i g u r e  5.1. 

o b j e c t  b e i n g  photographed. T h i s  r e l a t i o n s h i p  i s  as f o l l o w s :  

Assuming t h a t  a r e s o l u t i o n  o f  0.5m i s  wanted f o r  an area o f  .25km2 

The r e s o l u t i o n  i s  a l s o  a f u n c t i o n  o f  f o c a l  l e n g t h  and d i s t a n c e  t o  t h e  

R = dh 
f 
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Where R i s  t h e  r e s o l u t i o n ,  d i s  t h e  c e n t e r  t o  c e n t e r  d i s t a n c e  between p i x e l s  
on t h e  photo-sensing a r r a y ,  h i s  t h e  h e i g h t  from t h e  s u r f a c e  t o  t h e  camera, 
and f i s  t h e  f o c a l  l e n g t h  o f  t h e  l ens .  The r e l a t i o n  of  r e s o l u t i o n  vs. f o c a l  
l e n g t h  a t  d i f f e r e n t  h e i g h t s  above t h e  sur face f o r  a 40 

A t  a maximum h e i g h t  o f  4.5 km above t h e  su r face ,  a 50 cm r e s o l u t i o n  
would r e q u i r e  a t  l e a s t  a 360 mm f o c a l  l eng th .  

p e r  s ide ,  i n  a square a r r a y  w i t h  40 rn c e n t e r  t o  c e n t e r  spacing. I f  t h e  
r e s o l u t i o n  were i n c r e a s e d  t o  40 cm t h e n  a 450 mm f o c a l  l e n g t h  would have t o  be 
used and t h e  area covered p e r  photograph would be approx ima te l y  0.17km2, u s i n g  
t h e  same pho to  d e t e c t o r .  

As t h e  d i s t a n c e  between t h e  b a l l o o n  and t h e  s u r f a c e  v a r i e s  w i t h  
changes i n  atmospher ic  d e n s i t y  and sur face e l e v a t i o n  i t  w i l l  be necessary t o  
a d j u s t  t h e  focus  o f  t h e  l ens .  It may be use fu l  t o  a l l o w  s imul taneous 
adjustment  o f  t h e  r e s o l u t i o n  and pho tog raph ic  area by u s i n g  zoom lenses  on t h e  
cameras. A l though t h e  t i m e  d e l a y  i n  communication between t h e  r o v e r  and ground 
c o n t r o l  on E a r t h  would r e q u i r e  an au tomat i c  focus and zoom system, t h i s  would 
n o t  p reven t  ground-based o p e r a t o r s  f rom commanding t h e  camera system t o  
i n c r e a s e  o r  decrease t h e  r e s o l u t i o n  t o  g e t  h i g h e r  q u a l i t y  p i c t u r e s  o r  t o  
i n c r e a s e  t h e  f i e l d  o f  v iew a t  t h e  expense of  r e s o l u t i o n .  
c o u l d  zoom between 100 mm t o  400 mm f o c a l  l e n g t h  would a l l o w  a ve ry  wide range 
o f  p o s s i b i l i t i e s  o f  r e s o l u t i o n  vs. f i e l d  o f  v iew o v e r  a wide range o f  
a l t i t u d e s .  
r e s o l u t i o n  between 100 cm and approx ima te l y  25 cm w i t h  covered areas r a n g i n g  
between 0.25 km2 and g r e a t e r  t h a n  1 km2. These f i g u r e s  a r e  assuming t h e  same 
pho to  d e t e c t o r  as above, t h a t  i s  10242 p i x e l s  i n  a square a r r a y  spaced 40 vm, 
c e n t e r  t o  cen te r .  T h i s  t y p e  o f  system i s  f l e x i b l e  enough t o  cove r  a l l  o f  t h e  
proposed l a n d i n g  s i t e s  d e f i n e d  i n  S e c t i o n  2.2. 
l enses  i n s i d e  t h e  pay load  and u s i n g  a p e r i s c o p e  t y p e  system one camera c o u l d  
be used t o  t a k e  downward p i c t u r e s  w h i l e  t h e  b a l l o o n  r o v e r  i s  hanging f r o m  t h e  
b a l l o o n  and t h e  same camera c o u l d  t a k e  p i c t u r e s  a f t e r  t h e  pay load  has landed. 
O r ,  two cameras c o u l d  be used, one f o r  a e r i a l  photographs, mounted i n  t h e  
bot tom o f  t h e  payload, and another,  mounted i n  t h e  t o p  o f  t h e  payload, t o  be 
used a f t e r  t h e  pay load  had landed. 
t o  l and ing .  

To o b t a i n  c o l o r  photographs r e q u i r e s  pho tog raph ing  t h e  same a rea  w i t h  
d i f f e r e n t  c o l o r  f i l t e r s  and t h e n  combining t h e  composi te p i c t u r e  i n t o  a c o l o r  
photograph. Th is  requi rement  i nc reases  t h e  c o m p l e x i t y  of t h e  camera system. 
The incoming image i s  s p l i t  up by pr isms and d i r e c t e d  th rough  t h r e e  f i l t e r s  
and o n t o  t h r e e  s e p a r a t e  pho to  d e t e c t o r s .  When t h e  i n f o r m a t i o n  f r o m  t h e  t h r e e  
pho to  d e t e c t o r s  i s  recombined, t h e  r e s u l t i n g  photograph i s  i n  c o l o r .  The 
i n f o r m a t i o n  o b t a i n e d  by t h e  use o f  c o l o r  imaging makes t h i s  o p t i o n  wor th  
c o n s i d e r i n g  as p a r t  o f  t h e  payload. 

o r b i t e r  i s  overhead, t h e  a c q u i s i t i o n  o f  p i c t u r e s  d u r i n g  darkness i s  a l s o  an 
i m p o r t a n t  c o n s i d e r a t i o n .  
more e f f i c i e n t  use o f  a v a i l a b l e  t r a n s m i s s i o n  t ime.  

o f  o b t a i n i n g  h i g h  r e s o l u t i o n  photographs o f  t h e  s u r f a c e  of Mars, u l t r a v i o l e t  
sens ing  was n o t  cons ide red  i n  t h i s  s tudy,  b u t  may be an area f o r  f u r t h e r  
s tudy.  

, 

c e n t e r  t o  c e n t e r  
I p i x e l  spac ing  i s  shown i n  F i g u r e  5.2. 

Th is  would a l l o w  an a rea  o f  
I 0.25 km2 t o  be covered p e r  photograph, u s i n g  a pho to  d e t e c t o r  w i t h  1024 p i x e l s  

A l e n s  system which 

A t  2.5 km above t h e  s u r f a c e  t h i s  system would a l l o w  changes i n  

By mount ing t h e  camera and 

The a e r i a l  camera i s  j e t t i s o n e d  j u s t  p r i o r  

S ince  t h e  b a l l o o n  w i l l  o n l y  be a b l e  t o  t r a n s m i t  p i c t u r e s  w h i l e  t h e  

The use o f  i n f r a r e d - s e n s i t i v e  pho to  d e t e c t o r s  a1 lows 

Because i n f  r a r e d  and v i  s i  b l  e wave1 engt h sens ing  covers t h e  r e q u i  rement 



0 2  

37 

F i g u r e  5.2 



38 
5.2 Communications Requirements 

The main o b j e c t i v e  o f  t h i s  s tudy  as f a r  as t h e  communications a r e  
concerned i s  t o  de te rm ine  some o f  t h e  b a s i c  requi rements and t o  make 
p r e l i m i n a r y  sugges t ions  f o r  t h e  communication system. 

The c o n s i d e r a t i o n s  o f  t h e  communications systems a r e  as f o l l o w s :  

1) Transmi s s i  on speed 

2)  Power r e q u i  rements 

3) Mass 

4) Phys ica l  s i z e  

5)  T r a c k i n g  

Since space and power a r e  a t  a premium on t h e  b a l l o o n  r o v e r ,  t h e  
o r b i t e r  w i l l  be used as a r e l a y  l i n k  i n  sending d a t a  back t o  e a r t h .  T h i s  
reduces t h e  amount o f  power r e q u i r e d  t o  send d a t a  and i t  a l s o  a l l o w s  t h e  use 
of  a s m a l l e r  antenna on t h e  b a l l o o n  payload. 

t r a n s m i t  v i d e o  p i c t u r e s .  
use o f  s m a l l e r  antennas. High frequency waves are,  however, a t t e n u a t e d  by 
w a t e r  vapor. The l a c k  o f  water  vapor i n  t h e  atmosphere o f  Mars i s  ano the r  
f a c t o r  i n  f a v o r  o f  h i g h  f requency usage. By u s i n g  f requenc ies  i n  t h e  range of 
30GHz t h e  b a l l o o n  r o v e r  w i l l  be a b l e  t o  t r a n s m i t  h i g h  r e s o l u t i o n  v i d e o  images 
u s i n g  a sma l l  antenna, p robab ly  i n  t h e  fo rm o f  a m i c r o s t r i p  a r r a y .  This  c o u l d  
be i n t e g r a t e d  i n t o  t h e  t o p  o f  t h e  payload. 

Because t h e  o r b i t e r  w i l l  be moving overhead i n  r e l a t i o n  t o  t h e  b a l l o o n  
and t h e  b a l l o o n  i t s e l f  has no guidance system, t e l e m e t r y  between t h e  b a l l o o n  
and t h e  o r b i t e r  i s  a problem which must be considered. One p o s s i b l e  s o l u t i o n  
t o  t h i s  problem i s  t o  use a t r a c k i n g  system which t r a c k s  t h e  o r b i t e r  w h i l e  
overhead and t h e n  guides t h e  t r a n s m i s s i o n  beam toward  t h e  o r b i t e r .  Guidance 
can be e i t h e r  mechanical ,  by p h y s i c a l l y  p o i n t i n g  t h e  antenna towards t h e  
o r b i t e r ,  o r  e l e c t r o n i c  by u s i n g  phased a r r a y s  which can be d i r e c t e d  
e l e c t r o n i c a l l y  w i t h o u t  p h y s i c a l l y  moving t h e  antenna. The advantage of  a 
gu ided system i s  t h a t  w i t h  a narrow d i r e c t e d  beam t h e  g a i n  i s  much h i g h e r  and 
t h u s  t h e  power requi rements a r e  lower.  
use a l o w e r  ga in,  wide beam antenna which would n o t  r e q u i r e  t r a c k i n g  o f  t h e  
o r b i t e r .  T h i s  has t h e  b e n e f i t  o f  s i m p l i c i t y  b u t  t h e  i nc reased  power 
consumption may outweigh t h i s  advantage. 
p e r i o d i c  s i g n a l  and when t h e  b a l l o o n  r e c e i v e d  t h i s  s i g n a l  i t  would b e g i n  t o  
t r a n s m i t  data.  It would c o n t i n u e  t o  t r a n s m i t  u n t i l  i t  l o s t  t h e  s i g n a l  f rom 
t h e  o r b i t e r ,  w a i t i n g  u n t i l  t h e  n e x t  overhead pass. By u s i n g  t h e  s i g n a l  sen t  
f r o m  t h e  o r b i t e r  as a beacon, t h e  b a l l o o n  t r a n s m i t t e r  c o u l d  d i r e c t  t h e  r a d i o  
beam toward  t h e  o r b i t e r .  
t h a n  imag ing )  c o u l d  be s t o r e d  w h i l e  t h e  o r b i t e r  was n o t  i n  range and 
t r a n s m i t t e d  as soon as i t  came back w i t h i n  range. 
narrow beam antenna o r  t h e  low gain,  w ide  beam r a d i a t i o n  p a t t e r n  c o u l d  be 
implemented w i t h  a m i  c r o s t r i p  a r r a y  antenna. 
c o n f i g u r a t i o n  cons ide red  was a phased a r r a y  antenna suspended below t h e  

Transmiss ion speed i s  c r i t i c a l  because o f  t h e  bandwidth r e q u i r e d  t o  
One e f f e c t  o f  h i g h  f requenc ies  i s  t h a t  i t  a l l o w s  t h e  

Another s o l u t i o n  t o  t h i s  problem i s  t o  

The o r b i t e r  c o u l d  send o u t  a 

Data f rom t h e  r e s t  o f  t h e  s c i e n t i f i c  pay load ( o t h e r  

E i t h e r  t h e  h i g h  gain,  

Another p o s s i b l e  antenna 



payload. T h i s  c o n f i g u r a t i o n  wou 
have a tendency t o  damp o s c i l l a t  
s t a b i l i z i n q  e f f e c t  c o u l d  be ver.y 
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a p h y s i c a l  advantage i n  t h a t  i t  would 
t h e  b a l l o o n  r o v e r  system. T h i s  

a p a r a b o l i c  d i s h  t y p e  antenna was a l s o  

i n  q u i c k l y  s h i f t i n g  winds. 
U n f o r t u n a t e l y ,  t h i s  antenna would be. v e r y  v u l n e r a b l e  t o  c o l l i s s i o n  and would 
b e  use less  once t h e  pay load landed. 
considered, b u t  t h e  m i c r o s t r i p  a r r a y  p resen ts  s i g n i f i c a n t  mass and volume 
advantages. 

considered. T h i s  would be an i m p o r t a n t  c o n s i d e r a t i o n  i f  t h e  b a l l o o n  m a t e r i a l  
was such as would a f f e c t  t h e  s i g n a l .  
d u r i n g  which t h e  b a l l o o n  r o v e r  and o r b i t e r  c o u l d  communicate. 
s o l u t i o n  i s  t o  d i r e c t  t h e  beam a t  an a n g l e  which would miss t h e  b a l l o o n  above 
(See F i g u r e  5.3). The hanging phased a r r a y  des ign  would l e n d  i t s e l f  v e r y  w e l l  
t o  t h i s  c o n f i g u r a t i o n ,  Al though t h e  communication t i m e  would s t i l l  be 
reduced, t h e  g a i n  c o u l d  be  i nc reased  on t h e  antenna because of t h e  smal l  
angle,  w h i l e  t h e  power requi rements would remain about t h e  same. I n  t h i s  case 
a l so ,  t h e  m i c r o s t r i p  antenna c o u l d  be designed t o  produce t h e  necessary 
t r a n s m i s s i o n  p a t t e r n  and, though i t  would n o t  have t h e  s t a b i l i z i n g  e f f e c t  o f  
t h e  hanging phased a r r a y  antenna, i t  would s t i l l  be f u n c t i o n a l  a f t e r  t h e  
pay load  has 1 anded. 
dec ided  t h a t  t h e  b a l l o o n  m a t e r i a l  would p robab ly  n o t  i n t e r f e r e .  Even so, i t  
i s  a c o n s i d e r a t i o n  which must be k e p t  i n  mind as t h e  b a l l o o n  m a t e r i a l  i s  
chosen. 

system seems b e s t  s u i t e d  t o  t h e  b a l l o o n  rove r .  
t y p e  antenna i s  s u i t a b l e  f o r  a l l  t h e  needed a p p l i c a t i o n s  o f  t h e  r o v e r ,  i t  i s  
t h e  des ign  which shou ld  be i n v e s t i g a t e d  f u r t h e r .  
a c t u a l  power requi rements,  t h e  f requenc ies  used and t h e  r e s u l t i n g  antenna 
des ign  needed t o  f i l l  t h e s e  requi rements i s  i n  o r d e r  b u t  i s  o u t s i d e  o f  t h e  
scope o f  t h i s  p r e l i m i n a r y  design. 

The p o s s i b i l i t y  o f  i n t e r f e r e n c e  from t h e  b a l l o o n  i t s e l f  was a l s o  

T h i s  c o u l d  g r e a t l y  reduce t h e  t i m e  
One p o s s i b l e  

A1 though b a l l o o n  i n t e r f e r e n c e  was considered,  i t  was 

The main purpose o f  t h i s  s tudy  was t o  dec ide  which t y p e  o f  antenna 
Because t h e  m i c r o s t r i p  a r r a y  

A more i n - d e p t h  s tudy  o f  t h e  
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6.0 Payload Power Supply -- Mar ie-Paule C e l l i e r  

Cons ide r ing  t h e  power needed by  t h e  pay load opera t i ons ,  and t h e  f a c t  
a power t h a t  i t  i s  d e s i r a b l e  t h a t  t h i s  i n s t r u m e n t a t i o n  work 24 hours a day, 

source i s  needed t h a t  i s  a b l e  t o  supp ly  a cont inuous  85 W o f  power (nominal  
pay load power requ i rement ) .  A p r i o r i ,  two s o l u t i o n s  come t o  mind: 

1. S o l a r  pane ls  

2. Rad io i so tope  t h e r m o e l e c t r i c  genera to r  (RTG) 

6.1 S o l a r  Panels 

6.1.1 S o l a r  C e l l s  -- 
The des ign  o f  a s o l a r  panel  depends ma in l y  upon t h e  s e l e c t i o n  o f  

s o l a r  c e l l s  and t h e  arrangement o f  t hose  c e l l s  i n t o  a r rays .  
c o n s i d e r i n g  t h a t  t h e  s o l a r  f l u x  i s  p redominant ly  b l u e  and u l t r a v i o l e t ,  we 
shou ld  choose p h o t o v o l t a i c  c e l l s  e s p e c i a l l y  s e n s i t i v e  t o  t h i s  p a r t  o f  t h e  
spectrum. 
Opt ions  p r e s e n t l y  a v a i l a b l e ,  o r  expected i n  t h e  near  f u t u r e ,  i n c l u d e  
conven t iona l  s i l i c o n  ( t y p i c a l  e f f i c i e n c y :  10.6%), v i o l e t  c e l l s  w i t h  a 
Ta-205 c o a t i n g  ( e f f i c i e n c y :  14.5%), b lack  c e l l s  ( e f f i c i e n c y :  15.5%),  
and g a l l i u m  a r s e n i d e  (GaAs) c e l l s ,  wh ich  a r e  r e l a t i v e l y  e f f i c i e n t  (21%) 
b u t  expensive. 

Next, we must t a k e  i n t o  account  t h e  p o s s i b l e  damaging e f f e c t s  o f  
i o n i  z a t  i on and atomi c d i  s p l  acement which r e s u l  t e d  i n a degrada t ion  o f  15% 
i n  t h e  V i k i n g  O r b i t e r  s o l a r  a r r a y  power o u t p u t  ( u l t r a v i o l e t ,  p ro ton ,  and 
neu t ron  damage). On Mars, s o l a r  f l a r e s  a r e  o f  g r e a t e r  concern t h a n  on 
t h e  e a r t h  due t o  t h e  t h i n n e r  M a r t i a n  atmosphere. The weakness o f  t h e  
magnet ic  f i e l d  around Mars reduces t h e  p o t e n t i a l  f o r  damage due t o  
t r a p p e d  e l e c t r o n s  ( t h i s  causes t h e  a u r o r a l  a c t i v i t y  a t  t h e  E a r t h ' s  
p o l e s ) ,  b u t  i t  does n o t  screen o u t  much cosmic r a d i a t i o n .  
t h i c k n e s s  i s  i m p o r t a n t  i n  t h e  p r e v e n t i o n  o f  long-wavelength abso rp t i on .  
T h i n  c e l l s  ( <  0.3 mm) w i l l  r e j e c t  wavelengths > 0.6 p. The e f f e c t s  of  
tempera ture  a r e  impor tan t ,  as i s ,  t h e r e f o r e  i n f r a r e d  abso rp t i on ,  because 
of  v a r i a t i o n s  i n  b o t h  s h o r t - c i r c u i t  c u r r e n t  and o p e n - c i r u i t  vo l tage .  
F i n a l l y ,  t h e  a n g l e  o f  i n c i d e n c e  o f  t h e  s o l a r  f l u x  upon t h e  c e l l s  must be  
cons idered as i t  can have a l a r g e  impact  on c e l l  performance. 

The r a d i a t i o n  environment e x i s t e n t  on Mars r e q u i r e s  p r o t e c t i o n  o f  
t h e  p h o t o v o l t a i c  c e l l s .  I n tense  u l t r a v i o l e t  r a d i a t i o n  q u i c k l y  darkens 
most t r a n s p a r e n t  g lasses  and a l l  t r a n s p a r e n t  p l a s t i c s .  Thus, f i l t e r s  a r e  
o f t e n  i n c o r p o r a t e d  i n t o  t h e  covers,  which a r e  cemented d i r e c t l y  t o  t h e  
c e l l s .  
c l o u d i n g  o f  t h e  g l a s s  d u r i n g  UV and charged p a r t i c u l a t e  r a d i a t i o n .  

Cons ide r ing  t h e s e  c r i t e r i a ,  GaAs c e l l s  appear t o  be t h e  b e s t - s u i t e d  
t o  o u r  a p p l i c a t i o n .  A l l o w i n g  f o r  p r o t o n  degradat ion ,  t h e  wors t  case w i t h  
GaAs i s  s t i l l  b e t t e r  t h a n  t h e  b e s t  s i l i c o n  c e l l  case. 

F i r s t ,  

The optimum response occurs  when h v  = Eg (energy gap). 

S o l a r  c e l l  

The s e l e c t e d  cove r  i s  g l a s s  doped w i t h  Cer ia ,  which p reven ts  
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6.1.2 S o l a r  A r rays  

A s o l a r  a r r a y  i s  a network o f  c e l l s  connected i n  s e r i e s  t o  p r o v i d e  
The t h e  d e s i r e d  v o l t a g e  and i n  p a r a l l e l  t o  p r o v i d e  t h e  d e s i r e d  c u r r e n t .  

r e s u l t i n g  mass o f  t h e  s o l a r  a r ray ,  l e s s  s u p p o r t i n g  and connec t ing  
s t r u c t u r e s ,  i s  9.89 kg/m2. Assuming a l i g h t w e i g h t  suppor t  s t r u c t u r e ,  
t h u s  c r e a t i n g  a b e s t  case, t h e  s o l a r  a r r a y  system i s  assumed t o  have an 
area  d e n s i t y  o f  10 kg/m2. 

and c o n c e n t r a t o r  systems. However, t h e  e f f i c i e n c y  o f  s o l a r  c o l l e c t o r s  i s  
d i r e c t l y  r e l a t e d  t o  t h e  s o l a r  i n c l i n a t i o n  w i t h  respec t  t o  t h e  a r r a y  
sur face .  Even i f  t h e  b a l l o o n  r o v e r  s t a y s  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  o f  
Mars, a t r a c k i n g  system w i l l  be necessary i n  o r d e r  t o  f o l l o w  t h e  sun. 
The problem w i t h  such a c o n t r o l  system i s  t h a t  i t  r e q u i r e s  a d d i t i o n a l  
mass and comp lex i t y .  Moreover, any t o r q u e  a p p l i e d  t o  t h e  pay load w i l l  
cause i t  t o  sp in .  S o l a r  concen t ra to rs  a l l e v i a t e  t h i s  problem t o  some 
e x t e n t  t h rough  t h e  use of o p t i c a l  dev ices  which i n c r e a s e  t h e  i n t e n s i t y  o f  
s o l a r  f l u x  on a s m a l l e r  number of c e l l s .  
t h i s  t y p e  a l l o w  misa l ignment  e r r o r s  o f  up t o  1 degree w i t h  l e s s  t h a n  5% 
l o s s  i n  performance. They employ e i t h e r  a r e f l e c t i v e  cone o r  a c o n i c a l  
g l a s s  l ens .  

As d e s c r i b e d  i n  S e c t i o n  2.0 o f  t h i s  r e p o r t ,  f i v e  l a n d i n g  s i t e s  were 
se lec ted .  Cons ide r ing  t h e  s o l a r  f l u x  on t h e  atmosphere o f  Mars as 36% t o  
52% o f  t h a t  i n c i d e n t  upon t h e  atmosphere o f  t h e  ea r th ,  w i t h  20% o f  t h a t  
b e i n g  r e f l e c t e d  back i n t o  s ace, t h e  a v a i l a b l e  s o l a r  energy a t  t h e  

c o s i n e  o f  l a t i t u d e ,  r e q u i r i n g  separa te  a n a l y s i s  o f  each l a n d i n g  s i t e .  
The l a t i t u d e s  o f  t h e s e  s i t e s  va ry  f rom 14" South t o  70" North,  where 
t h e r e  may be  p e r i o d s  o f  t o t a l  darkness f o r  seve ra l  weeks. Th is  drawback 
was a ma jo r  f a c t o r  i n  t h e  s e l e c t i o n  o f  t h e  f i n a l  power system. 

Two t y p e s  o f  p h o t o v o l t a i c  c o l l e c t o r s  c o u l d  be used: f l a t  p l a t e ,  

Present-day pass i ve  des igns  o f  

s u r f a c e  ranges f r o m  392 W/m 5 t o  566 W / d .  Th i s  q u a n t i t y  v a r i e s  w i t h  t h e  

6.1.3 B a t t e r i e s  

I n  o r d e r  t o  p r o v i d e  power i n  t i m e s  o f  no s u n l i g h t ,  a s o l a r  energy 
system r e q u i r e s  rechargeab le  b a t t e r i e s .  A t  p resent ,  f o u r  t y p e s  o f  
b a t t e r i e s  a r e  p o p u l a r  f o r  use i n  s p a c e c r a f t :  

1. S i l v e r - Z i n c  (Ag-Zn) 110 t o  132 W-h/kg; l o w  c y c l e  l i f e  

2. Nickel-Cadmium (Ni-Cad) 22 t o  26 W-h/kg; components s u f f e r  from 
a g i n g  and tempera ture  degrada t ion  

3. Nickel-Hydrogen (Ni-H2) 40 t o  50 W-h/kg 

4. L i t h i u m  (LiTi .52) 120 t o  145 W-h/kg; h i g h  performance, b u t  
u n s t a b l e  and p o t e n t i a l l y  e x p l o s i v e  

Recent research  a t  JPL, among o t h e r  p laces ,  has y i e l d e d  p romis ing  d a t a  
concern ing  l i t h i u m  b a t t e r i e s .  Based on t h e s e  advances and f o r e c a s t e d  
improvements i n  l i t h i u m  b a t t e r y  techno logy ,  i t  was dec ided t h a t  t h e s e  
wou ld  b e  b a s e l i n e d  f o r  use  i n  t h e  des ign  s o l a r  energy system, f o r  
purposes o f  comparison w i t h  t h e  a l t e r n a t i v e  power supply ,  t h e  RTG. 



44 
6.1.4 A r ray  Placement 

Assuming t h a t  t h e  b a l l o o n  i s  a sphere of 38 m d iameter ,  and t h e  pay load  
i s  a cube 0.5 m on a s ide ,  two p o s s i b l e  c o n f i g u r a t i o n s  were i n v e s t i g a t e d :  

1. On t h e  s i d e s  o f  t h e  pay load c a n i s t e r  

2. On t o p  o f  t h e  b a l l o o n  

I f  t h e  s o l a r  a r r a y ( s )  i s  p l a c e d  on t h e  s i d e ( s )  o f  t h e  payload, i t  has t h e  
advantages o f  r e l a t i v e l y  s imp le  deployment and p r o x i m i t y  t o  t h e  pay1 oad. 
Severa l  d isadvantages ex i . s t  f o r  t h i s  c o n f i g u r a t i o n ,  though. E s p e c i a l l y  
i n  l i g h t  o f  i t ' s  s i z e ,  t h e  b a l l o o n ' s  shadow may cause s i g n i f i c a n t  
r e d u c t i o n s  i n  power p roduc t i on .  
i n c r e a s i n g  t h e  t e t h e r  l e n g t h .  However, as i s  presented i n  Appendix 6, 
t o  have much e f f e c t ,  t h i s  would r e q u i r e  an absu rd l y  long,  and 
consequent ly ,  heavy t e t h e r .  F u r t h e r ,  when t h e  sun i s  overhead, t h e  a r r a y  
w i l l  be comp le te l y  i n  shadow, r e g a r d l e s s  o f  t h e  t e t h e r  l e n g t h .  

P l a c i n g  t h e  s o l a r  c e l l s  on t o p  o f  t h e  b a l l o o n  e l i m i n a t e s  t h e  
problem of  shadowing, b u t  sun ang le  w i l l  s t i l l  a f f e c t  t h e  power 
p r o d u c t i o n ,  e s p e c i a l l y  when t h e  sun i s  l ow  i n  t h e  sky. 
was n o t  e x p l o r e d  e x t e n s i v e l y  due t o  t h e  i n h e r e n t  problems i n v o l v e d  i n  t h e  
deployment o f  an u l t r a - t h i n - f a b r i c  b a l l o o n  w i t h  such r e l a t i v e l y  massive 
o b j e c t s  on t o p  o f  i t  ( o r  on i t ' s  s i d e s  f o r  t h a t  m a t t e r ) .  
arrangement would a l s o  be prone t o  i n d u c i n g  f a b r i c  f a i l u r e  near  t h e  s o l a r  
c e l l s  due t o  s t r e s s  c o n c e n t r a t i o n .  

A f i n a l  p o i n t  which rep resen ts  a ma jo r  drawback f o r  a solar-powered 
system, r e g a r d l e s s  o f  des ign  and c o n f i g u r a t i o n  i s  t h a t ,  d u r i n g  t h e  f r i g i d  
M a r t i a n  n i g h t s ,  s o l a r  panels  p r o v i d e  no means f o r  h e a t i n g  t h e  pay load 
components, o t h e r  t h a n  e l e c t r i c a l  r e s i s t a n c e  h e a t i n g  which would g r e a t l y  
i n c r e a s e  t h e  a r r a y  and b a t t e r y  s i z i n g  requirements.  

Th is  c o u l d  be p a r t i a l l y  remedied by 

T h i s  p o s s i b i l i t y  

T h i s  

6.1.5 S o l a r  A r r a y l B a t t e r y  System Summary 

To meet t h e  power requi rement  o f  85 W u s i n g  GaAs s o l a r  c e l l s  w i t h  
L i T i S 2  b a t t e r i e s  r e q u i r e s  a sys tem w e i g h t  o f  a t  l e a s t  18.8 kg .  B a t t e r i e s  
(70% depth o f  d ischarge,  9 hours o f  darkness) rep resen t  8.7 kg o f  t h i s ,  
w i t h  t h e  balance b e i n g  t h e  s o l a r  a r r a y  and suppor t  s t r u c t u r e .  
a n a l y s i s  assumes an average sun i n c l i n a t i o n  a n g l e  o f  40" and no t r a c k i n g  
system. Fo r  purposes o f  comparison, t h i s  t r a n s l a t e s  i n t o  an e f f i c i e n c y  
o f  4.5 W/kg. T h i s  i s  a v e r y  o p t i m i s t i c  b e s t  case f o r  s e v e r a l  reasons, 
n o t  t h e  l e a s t  o f  which a r e  t h a t  a t  h i g h  l a t i t u d e s ,  d u r i n g  p a r t  o f  t h e  
yea r ,  t h e r e  w i l l  be t o t a l  darkness f o r  a p e r i o d  o f  weeks, and t h a t  t h e  
b a l l o o n ' s  own shadow s i g n i f i c a n t l y  decreases t h e  system e f f i c i e n c y .  
Ba l l oon - top  c e l l s  n o t  o n l y  p r e s e n t  deployment d i f f i c u l t i e s ,  b u t  a l s o  a r e  
l o s t ,  a l o n g  w i t h  t h e  b a l l o o n ,  once t h e  pay load lands,  l e a v i n g  t h e  system 
powerless;  payload-mounted pane ls  may a l s o  be  s e r i o u s l y  damaged upon 
1 andi  ng. 

T h i s  

6.2 Rad io i so tope  Thermoe lec t r i c  Generator 

A r a d i o i s o t o p e  t h e r m o e l e c t r i c  genera to r  (RTG)  was a l s o  i n v e s t i g a t e d  as 
a p o t e n t i a l  power supp ly  f o r  t h e  b a l l o o n  r o v e r  payload. 
have been used q u i t e  s u c c e s s f u l l y  i n  t h e  V i k i n g  m iss ions ,  as w e l l  as s e v e r a l  

Devices of  t h i s  t y p e  
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o t h e r  i n t e r p l a n e t a r y  spacec ra f t .  A majo r  advantage o f  RTG's i s  t h a t  i n  
a d d i t i o n  t o  p r o v i d i n g  e l e c t r i c a l  energy t o  t h e  payload, thermal  energy i s  a l s o  
a v a i l a b l e  t o  m a i n t a i n  acceptab le  o p e r a t i n g  temperatures f o r  t h e  pay load 
ins t rumen ts  i n  t h e  o f t e n - i c y  M a r t i a n  environment. Another advantage t o  an RTG 
system i s  c o n t i n u i t y  o f  power. 
t h e  course  o f  t h e i r  u s e f u l  l i f e t i m e  (wh ich  may exceed 2 yea rs ) ,  u n l i k e  t h e  
c y c l i c a l  power p r o f i l e  o f  s o l a r  a r rays .  Th is  i n t roduces  a ma jo r  mass sav ings 
as b a t t e r i e s  a r e  unnecessary. The predominant d isadvantage assoc ia ted  w i t h  
RTG's i s  t h e  r a d i a t i o n  hazard. 
however, demonstrates t h a t  t h i s  need n o t  be a c o n t r o l l i n g  cons ide ra t i on .  

RTG's produce r e l a t i v e l y  cons tan t  power ove r  

Ex tens i ve  exper ience w i t h  these  sytems, 

6.3 Conc lus ion  

Comparing s o l a r  a r r a y l b a t t e r y  and RTG systems on a mass e f f i c i e n c y  
bas i s ,  t h e  f o l l o w i n g  c h a r t  was produced. 

System E f f i c i e n c y  (W/kg) 

S o l a r  A r r a y  18.84 (70% depth  o f  d i scha rge )  

S o l a r  A r ray  16.89 (90% depth  o f  d i scha rge )  

R TG 17.36 

Here we see t h a t  t h e  system e f f i c i e n c i e s  a r e  comparable, b u t ,  even w i t h  
r e l a t i v e l y  h i g h  s o l a r  c e l l  e f f i c i e n c i e s  ( >  25%),  t h e  problems o f  c o n f i g u r a t i o n  
and pay load thermal  c o n t r o l  remain. A d d i t i o n a l l y ,  i n  o r d e r  f o r  t h e  b a l l o o n  
r o v e r  t o  p e r f o r m  a long- te rm secondary m i s s i o n  once landed, i t  must have a 
r e l i a b l e  power source. RTG's have proven t o  be w e l l - s u i t e d  t o  such 
a p p l i c a t i o n s ,  and would be capab le  o f  w i t h s t a n d i n g  l a n d i n g  l oads  w i t h  f a r  l e s s  
damage t h a n  i s  p robab le  w i t h  s o l a r  c e l l s .  
s e l e c t e d  f o r  t h e  b a l l o o n  r o v e r  i s  an RTG-based system. 

Consequently, t h e  power supp ly  
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7.0 Ba l l oon  Rover Payload -- Oscar Monje & Pe r ry  Voyer 

7.1 M iss ion  Ob jec t i ves  

o b t a i n i n g  a d e t a i l e d  c h a r a c t e r i z a t i o n  o f  Mars. The o v e r a l l  s c e n a r i o  c o n s i s t s  
o f  d e o r b i t i n g  f i v e  separate,  1000 kg Lander/Rover modules a t  d i f f e r e n t  
s i t e s ( s e e  Sec t ion  2.2). Each Lander/Rover w i l l  c o n t a i n  t h r e e  d i f f e r e n t  
subsystems: 
sample a n a l y s i s  l a b o r a t o r y ,  me teo ro log i ca l  sensors, imaging, and 
communications systems ; and a b a l l  oon r o v e r  (BR) . 
t h e  b a l l o o n  rove r ,  keep ing  i n  mind t h a t  t h i s  subsystem v e h i c l e  has been 
a l l o t t e d  40% of t h e  t o t a l  module mass (400kg -mod i f i ed  f rom Win ter  Q u a r t e r ) .  
Due t o  t h e  ex t remely  t h i n  M a r t i a n  atmosphere, i t  i s  p rudent ,  f rom t h e  
s t a n d p o i n t  o f  b a l l o o n  s i z e ,  t o  des ign  t h e  subsystem t o  c r u i s e  a t  an a l t i t u d e  
low enough t o  p r o v i d e  reasonable l i f t  y e t  h i g h  enough t o  a v o i d  s u r f a c e  
obs tac les .  The need t o  accommodate t h e  l a r g e  mass o f  t h e  b a l l o o n  f a b r i c ,  
t e t h e r i n g ,  and suppor t  s t r u c t u r e s ,  p laces  a s u b s t a n t i a l  l i m i t a t i o n  on t h e  
s c i e n t i f i c  pay load mass. 
c h a r a c t e r i z a t i o n  o f  t h e  l ower  M a r t i a n  atmosphere and h i g h - r e s o l u t i o n  a e r i a l  
photography o f  t h e  p l a n e t ' s  sur face .  
j u s t i f i c a t i o n  f o r  t h e  mass expend i tu re  assoc ia ted  w i t h  t h e  b a l l o o n  rove rs .  

e x t r a p o l a t e d  t o  t h e  1990's. 
t hough t  o f  as modular components whose arrangement can be t a i l o r e d  t o  s u i t  
d i f f e r e n t  s c i e n t i f i c  miss ions .  Thus, t h e  o v e r a l l  arrangement o f  s c i e n t i f i c  
components can be v a r i e d  so  as t o  a l l o w  t h e  e x p l o r a t i o n  o f  d i f f e r e n t  M a r t i a n  
s i t e s .  

The s c i e n t i f i c  m i s s i o n  o f  t h e  USU/MLR i s  cen te red  around t h e  t a s k  of 

a sample a c q u i s i t i o n  r o v e r  (SAR); a mothersh ip  l a n d e r  w i t h  a s o i l  

The purpose o f  t h i s  s e c t i o n  i s  t o  develop t h e  s c i e n t i f i c  pay load of  

The f u n c t i o n  o f  t h e  b a l l o o n  r o v e r  i s  t h e  

Completion o f  t hese  t a s k s  i s  s u f f i c i e n t  

The des ign  problems encountered were so l ved  by u s i n g  techno logy  
The s c i e n t i f i c  i ns t rumen ts  desc r ibed  below can be 

7.1.2 S c i e n t i f i c  Ob jec t i ves  

The i n f o r m a t i o n  ga thered by such a b a l l o o n  r o v e r  subsystem can 
be used t o  accompl ish t h e  f o l l o w i n g  o b j e c t i v e s :  

1) Charac te r i ze  t h e  t e r r a i n  morphology and c l i m a t e  o f  v a r i o u s  
candidate  s i t e s  t o  be considered f o r  t h e  establ ishment  o f  a 
M a r t i  an base. 

2) P rov ide  h i g h - r e s o l u t i o n  a e r i a l  photographs o f  l a r g e  reg ions  o f  t h e  
p l a n e t ,  t h u s  a l l o w i n g  t h e  d e l i n e a t i o n  of hazard f r e e  pa ths  t o  be 
f o l l o w e d  by l a r g e  s u r f a c e  semi-autonomous rove rs  (i.e., a Mars 
sampl e r e t u r n  m i  s s i  on). 

3)  Measure seasonal c l i m a t i c  and se i sm ic  i n f o r m a t i o n  a t  s i t e s  where 
t h e  b a l l o o n  r o v e r  lands,  so t h a t  c l i m a t o l o g i c a l  and g e o l o g i c a l  
models can be developed. 

4 )  Determine t h e  compos i t ion  and s t r u c t u r e  o f  t h e  l ower  atmosphere of 
Mars so as t o  a l l o w  t h e  development o f  e m p i r i c a l  a tmospher ic  
models. 



7.1.3 Sc i  e n t i  f i c I n s t r u m e n t a t i o n  

The p r e v i o u s l y  ment ioned m i s s i o n  requi rements can be met by 
s e l e c t i n g  t h e  a p p r o p r i a t e  i n s t r u m e n t  f o r  s i t e - s p e c i f i c  s t u d i e s  f r o m  
t h e  f o l l o w i n g  i n s t r u m e n t a t i o n :  
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Meteorology Devices: 
Var ious t ransducers  ( i  .e., temperature,  pressure,  d e n s i t y ,  wind 
speed and d i r e c t i o n ,  and s o l a r  f l u x  sensors)  can be arranged w i t h  
a d a t a  a c q u i s i t i o n / r e l a y  system t o  c h a r a c t e r i z e  t h e  l o c a l  
environment i n  f l i g h t  and a t  t h e  b a l l o o n  l a n d i n g  s i t e .  

Atmospheric Composit ion: 
The i n c l  u s i  on o f  an atmospher i  c mass spect rometer  and v a r i o u s  
v o l a t i l e  d e t e c t o r s  (i.e., wa te r  o r  CO2) i n  t h e  s c i e n t i f i c  pay load 
p e r m i t s  t h e  m o n i t o r i n g  o f  seasonal v a r i a t i o n s  i n  genera l  and/or 
s p e c i f i c  atmospher ic components. Furthermore, a c r o s s - s e c t i o n  of 
t h e  l o w e r  atmosphere can be s t u d i e d  d u r i n g  t h e  a e r i a l  m i s s i o n  o f  
t h e  b a l l o o n  rove r .  

A e r i  a l /Ground Photography: 
H i g h - r e s o l u t i o n ,  s te reoscop ic ,  mu1 t i - s p e c t r a l  cameras a r e  
recommended f o r  a number o f  reasons. F i r s t ,  an a i r b o r n e  imaging 
pay load  p e r m i t s  t h e  a c q u i s i t i o n  o f  photographs o f  t h e  p l a n e t  
s u r f a c e  and o f  ma jo r  g e o l o g i c  f e a t u r e s  ove r  which t h e  b a l l o o n  
f l i e s .  Second, a ground-based camera f i x t u r e  a l l o w s  t h e  r e l a y  of  
3-dimensional  images c h r o n i c l i n g  s o i l  and f r o s t  d e p o s i t i o n  i n  t h e  
immediate v i c i n i t y  o f  t h e  pay load l a n d i n g  s i t e .  

Communication Devices: 
The need t o  r e l a y  l a r g e  amounts o f  d a t a  t o  E a r t h  demands a 
communication network capable o f  s u s t a i n i n g  h i g h  d a t a  t r a n s m i s s i o n  
r a t e s .  
a n a l y s i s  and compression. 
b a l l o o n  r o v e r  i s  a m i c r o - s t r i p  phased a r r a y  antenna. 
l i g h t w e i g h t  dev i ces  consume l i t t l e  power, ope ra te  a t  h i g h  
t r a n s m i s s i o n  r a t e s ,  and do n o t  r e q u i r e  mechanical p o i n t i n g  o r  
t r a c k i n g  dev i ces (see  a l s o  S e c t i o n  5.2). 

These requi rements a l s o  demand pre- t ransmi  s s i o n  d a t a  
The antenna t o  be used aboard t h e  

These 

Radar A l t i m e t e r  and R o t a t i o n  Sensor: 
T h i s  package a l l o w s  d e t e r m i n a t i o n  o f  t h e  BR p o s i t i o n  w i t h  respec t  
t o  a l t i t u d e  and t r u e  North.  Combined w i t h  a e r i a l  images and 
atmospher ic  data,  t h i s  i n f o r m a t i o n  i s  e s s e n t i a l  i n  c o n s t r u c t i n g  
l o w e r  atmosphere compos i t i on  p r o f i l e s  and s u r f a c e  maps. 

Sei smi c Devi ces : 
A seismometer can be i n c l u d e d  i n  t h e  pay load t o  r e c o r d  se i sm ic  
events.  
t h e  b a l l o o n  l a n d i n g  s i t e  p r i o r  t o  l and ing .  

These c o u l d  be c r e a t e d  by se i sm ic  thumpers e j e c t e d  near  
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7.2 Operat ions 

7.2.1 A e r i a l  M iss ion  

The b a l l o o n  rove r ,  hav ing  no i n t r i n s i c  gu idance system, t r a v e l s  
i n  a random fashion.  
i s  based upon t h e  average wind v e l o c i t i e s  and d i r e c t i o n s  a t  t h e  
c r u i s i n g  a l t i t u d e :  400-500 kmlday. The f l i g h t  d u r a t i o n  depends upon 
b a l l o o n  gas d i f f u s i o n  and env i ronmenta l  hazards such as a i r b o r n e  
p a r t i c l e s  and b a l l o o n  f a b r i c  degradat ion  by U V  r a d i a t i o n .  
d u r a t i o n  o f  t h e  f l i g h t  has been es t ima ted  t o  be 5 - 7  days based on 
b a l l o o n  f a b r i c  c h a r a c t e r i s t i c s ( s e e  Sec t ion  3.0). 
w i l l  be ded ica ted  t o  atmosphere compos i t ion  c h a r a c t e r i z a t i o n  and h i g h  
r e s o l u t i o n  imag ing  o f  t h e  p l a n e t ' s  sur face .  

The d i s t a n c e  t h e  b a l l o o n  i s  expected t o  t r a v e l  

The 

The f l i g h t  t i m e  

7.2.1.1 Atmospheric Composit ion - and S t r u c t u r e  

The purpose o f  t h e  atmospher ic  a n a l y s i s  i s  t o  i d e n t i f y  t h e  
compos i t i on  o f  t h e  M a r t i a n  atmosphere and t o  de termine c o n s t i t u e n t  
abundance. 
t h e  M a r t i a n  a i r  a t  i n t e r v a l s ,  and a n a l y z i n g  t h e s e  samples w i t h  a mass 
spec t rometer  and/or  v o l a t i l e  de tec to rs .  The p o s i t i o n  a t  which each 
sample i s  t aken  i s  re fe renced  by t h e  use of a f i b e r  o p t i c  r o t a t i o n  
sensor  (FORS)  and a r a d a r  a l t i m e t e r .  I n  t h i s  fash ion ,  a tmospher ic  
d a t a  can be c o r r e l a t e d  w i t h  p l a n e t a r y  l o c a t i o n .  Measurement o f  wind 
speed and d i r e c t i o n  i s  a complex measurement w h i l e  i n  f l i g h t ,  and i s  
m a i n l y  i n v e s t i g a t e d  d u r i n g  t h e  landed b a l l o o n  r o v e r  miss ion .  

The compos i t ion  o f  t h e  atmosphere i s  s t u d i e d  by sampl ing 

7.2.1.2 A e r i a l  Photography 

CCD cameras on a s t e r e o s c o p i c  mount, a l l o w i n g  r e c o n s t r u c t i o n  o f  
3-dimensional images. Var ious camera arrangements a r e  d iscussed i n  
S e c t i o n  7.4.4. These arrangements i n v o l v e  t r a d e - o f f s  between camera 
s i m p l i c i t y  and p o i n t i n g  a b i l i t y  d u r i n g  f l i g h t .  A l though i t  i s  
d e s i r a b l e  t o  be a b l e  t o  c o n t r o l  t h e  d i r e c t i o n  i n  w h i c h  t h e  cameras 
p o i n t  (assuming a random f l i g h t  p a t t e r n ) ,  mot ion  of t h e  cameras d u r i n g  
fl i g h t  i n t r o d u c e s  p r o h i b i t i v e  comp lex i t y  . 
o r b i t e r ,  t h e  a i r b o r n e  imag ing  can proceed c o n t i n u o u s l y  f o r  t h e  
d u r a t i o n  o f  t h e  miss ion .  
t o  t r a n s m i s s i o n  ( d a t a  compression) by computers i n  t h e  pay load.  
f u r t h e r  i n f o r m a t i o n  concern ing  t h e  requ i rements  o f  t h e  imag ing  and 
communications systems see Sec t ion  5.0 o f  t h i s  r e p o r t .  

The a e r i a l  photography m i  s s i o n  i s base1 i ned as u s i n g  1 i ghtwei  gh t  

Depending on t h e  b a l l o o n  r o v e r ' s  a b i l i t y  t o  u p l i n k  d a t a  t o  t h e  

For  
The image i n f o r m a t i o n  may be processed p r i o r  

7.2.3 Landed M iss ion  

S ince  t h e  pay1 oad w i  11 eventua l  l y  1 and, a p ressu re  b l  adder / she l l  
l a n d i n g  system was i n c o r p o r a t e d  i n t o  t h e  b a l l o o n  pay load i n  o r d e r  t o  
a l l o w  t h e  pay load t o  s u r v i v e  t h e  l and ing .  
development i n  Win te r  I n t e r i m  Report,  Appendices 4.1-4.4.) 
landed, t h e  b a l l o o n  i s  d isconnected  f rom t h e  pay load and t h e  system 
becomes a s t a t i o n a r y  m e t e o r o l o g i c a l  and imaging p l a t f o r m .  A 
s u r v i v a b l e  b a l l o o n  l a n d i n g  can be i n s u r e d  by t h e  use o f  c o n t r o l l e d  

(See p ressu re  b ladder  
Once 
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descent  mechanisms i n  t h e  b a l l o o n  f a b r i c  which w i l l  cause a gradual  
d r o p  i n  a l t i t u d e  (see S e c t i o n  3.0). 
capable o f  measur ing m e t e o r o l o g i c a l  d a t a  such as pressure,  a i r  
temperature,  wind speed and v e l o c i t y ,  and wa te r  c o n t e n t  a t  t h e  b a l l o o n  
l a n d i n g  s i t e ,  as w e l l  as imaging. The l o c a t i o n  o f  t h i s  l a n d i n g  s i t e  
cannot be p r e d i c t e d  because t h e  b a l l o o n  f l i e s  a t  t h e  mercy of t h e  wind 
c u r r e n t s .  

The m e t e o r o l o g i c a l  i ns t rumen ts  w i  11 c h a r a c t e r i z e  t h e  e n v i  ronment 
nea r  t h e  su r face ,  and p r o v i d e  atmospher ic dynamics d a t a  on t imesca les  
r a n g i n g  f r o m  seconds t o  seve ra l  months. The seismology m i s s i o n  w i l l  
o b t a i n  i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  s t r u c t u r e ,  compos i t i on  and 
dynamics o f  t h e  i n t e r i o r  o f  t h e  p lane t .  The amp l i t ude  and source o f  
se i sm ic  a c t i v i t y  can be determined, as w e l l  as i n f o r m a t i o n  on t h e  
l e v e l ,  l o c a t i o n ,  and n a t u r e  o f  t e c t o n i c  a c t i v i t y  on Mars. A se i sm ic  
s tudy  o f  t h e  s i t e  can be c a r r i e d  o u t  by d e p l o y i n g  a b a t t e r y  powered 
s i e s m i c  thumper d u r i n g  t h e  descent phase o f  t h e  b a l l o o n ,  and t h e n  
m o n i t o r i n g  t h e  ground v i  b r a t i  ons w i t h  a s e i  smometer c o n t a i n e d  w i t h i n  
t h e  payload. 

t h e  R T G  power source has a l o n g  l i f e t i m e ( - Z  y e a r s ) .  
m e t e o r o l o g i c a l  data,  as w e l l  as ground photographs o f  t h e  s i t e  can be 
t r a n s m i t t e d  f o r  seve ra l  years.  

The landed pay load w i l l  s t i l l  be 

Therefore, t h i s  w i l l  be a random s i t e  on t h e  p l a n e t .  

The d u r a t i o n  o f  t h e  landed m i s s i o n  can be q u i t e  l o n g  because 
Thus, se i sm ic  and 

, 
7.3 I ns t rumen t  Arrangement Cons ide ra t i ons  

There a r e  seve ra l  genera l  c o n s t r a i n t s  imposed by t h e  p o s i t i o n  o f  
v a r i o u s  i ns t rumen ts :  

1) Temperature sensors shou ld  be shaded s o  as t o  keep t h e  sensor i n  
the rma l  ba lance  w i t h  t h e  atmosphere, n o t  r a d i a t i v e  balance. 

The a l t i m e t e r  shou ld  be p o s i t i o n e d  where i t  i s  always f a c i n g  t h e  
ground ( i .e.,  on t h e  bot tom o f  t h e  s t r u c t u r e ) .  

2 )  

A i r  i n t a k e s  shou ld  be p r o v i d e d  f o r  t h e  atmospher ic mass spect rometer ,  
v o l  a t i  1 e d e t e c t o r s  and p r e s s u r e  sensors. 

3) 

4 )  

5) 

The RTG and o t h e r  heavy i n s t r u m e n t s  shou ld  be arranged i n  a fash ion  
conduc ive  t o  s t a b l e  l a n d i n g  dynamics. 

S o l a r  pane ls  and antennas shou ld  be p o s i t i o n e d  f o r  p r o t e c t i o n  and t o  
o p t  i m i  ze ope ra t i on .  

A gimbal system shou ld  be used t o  t e t h e r  t h e  b a l l o o n  t o  t h e  pay load so 
as t o  a v o i d  t a n g l i n g  o r  sp inn ing .  

6) 

7 )  The cameras shou ld  be p l a c e d  so  as t o  f u n c t i o n  b o t h  d u r i n g  f l i g h t  and 
when grounded. 

8) Tempera tu re -sens i t i ve  i n s t r u m e n t a t i o n  must be i n s u l a t e d  f rom t h e  RTG 
and f rom t h e  M a r t i a n  weather extremes. Thus, a ma jo r  des ign  
c o n s i d e r a t i o n  shou ld  be pay load the rma l  c o n t r o l .  
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7.4 Ba l l oon  Payload I n s t r u m e n t a t i o n  C o n f i g u r a t i o n s  

c y l i n d r i c a l  pay load c a n i s t e r  assembly 0.75 meter  t a l l  and 0.75 meter  i n  
d iameter .  The c a n i s t e r  and i t s  l a n d e r  s h e l l  w i l l  be made of  composi te  
m a t e r i a l s  i n  o r d e r  t o  reduce t h e  system mass. Placement o f  t h e  v a r i o u s  
i ns t rumen ts  w i t h i n  t h e  pay load c a n i s t e r  must be done w i t h  c a r e  i n  o r d e r  t o  
accommodate t h e  v a r i o u s  requ i rements  o f  t h e  i n d i v i d u a l  ins t ruments .  A i r  
i n t a k e  and o u t l e t  l i n e s  must be p laced  so  t h a t  a tmospher ic  samples a r e  n o t  
contaminated by sample o u t l e t  p o r t s .  A breakdown o f  t h e  b a l l o o n  r o v e r  system 
mass i s  shown i n  Appendix 7.1, a long  w i t h  p o s s i b l e  camera arrangements. 

The m i c r o s t r i p  phased array antenna and t h e  m e t e o r o l o g i c a l  
t ransducers  a r e  p laced  on t h e  s u r f a c e  o f  t h e  c a n i s t e r  f o r  easy access t o  t h e  
atmosphere. 
cen te r ,  i s  deployed once t h e  b a l l o o n  i s  f i l l e d  and t h e  hydrogen tank  has been 
detached. Be fo re  l and ing ,  i t  w i l l  be j e t t i s o n e d .  A t  a l l  t imes  t h i s  camera i s  
p o s i t i o n e d  such t h a t  i t  does n o t  s i g n i f i c a n t l y  a l t e r  t h e  p o s i t i o n  o f  t h e  
c e n t e r  o f  mass. The ground camera w i l l  be deployed a f t e r  l and ing .  It w i l l  be 
capab le  o f  t a k i n g  photographs o f  t h e  s u r f a c e  i n  a l l  d i r e c t i o n s .  The a l t i m e t e r  
w i l l  be s a c r i f i c e d  upon l a n d i n g  as i t  i s ,  obv ious l y ,  no l o n g e r  necessary. See 
F i g u r e  7.1. 

t o  be r e c t a n g u l a r  o r  c y l i n d r i c a l  s o l i d s  f o r  purposes o f  p o s i t i o n i n g .  The 
w i  r i  ng and mechani c a l  1 i nkages were n o t  i n c l  uded i n t h e  pay1 oad c o n f i g u r a t i o n  
drawings, a l t hough  t h e r e  i s  p l e n t y  o f  room f o r  t h e i r  i n c l u s i o n .  For  a l i s t  of 
i ns t rumen t  s i z e s  see F i g u r e  7.2. We decided t o  use t h e  pay load c o n f i g u r a t i o n  
shown i n  F i g u r e  7.3. It i s  smal l ,  meets o u r  mass budget, and a l l o w s  enough 
room f o r  i n s t r u m e n t  m a n i p u l a t i o n  and i n c l u s i o n .  It a l s o  l ends  i t s e l f  w e l l  t o  
tempera ture  c o n t r o l  because o f  t h e  s e l e c t e d  power source, which i s  d iscussed 
p r e s e n t l y .  

The s c i e n t i f i c  pay load w i l l  have a mass o f  62 kg, occupy ing  a 

The f l i g h t  camera, l o c a t e d  on t h e  bot tom o f  t h e  pay load i n  t h e  

Ins t rument  s i z e s  were e x t r a p o l a t e d  t o  t h e  1990's. They were assumed 

7.4.2 Radi o i  s o t  ope Thermoel e c t  r i  c Gene r a t  o r  I n  su l  a t  i on 

The r a d i o i s o t o p e  t h e r m o e l e c t r i c  genera tor  (RTG) produces a 
s i g n i f i c a n t  amount o f  heat  as a byproduct  o f  e l e c t r i c a l  power 
genera t ion .  Two i n s u l a t i o n  c o n f i g u r a t i o n s  were considered.  The f i r s t  
one c o n s i s t s  an RTG w i t h  r a d i a l  f i n s  a t tached  t o  i t s  c e n t r a l  core.  
These f i n s  ex tend o u t  o f  t h e  c a n i s t e r  and a c t  as r a d i a t o r s .  The second 
c o n f i g u r a t i o n  cons idered has no f i n s ,  b u t  ins tead,  5 cm o f  i n s u l a t i o n  
around t h e  RTG. S i x  i n s u l a t e d  thermal  shunts  e x t r a c t  t h e  heat  from 
t h e  t o p  o f  t h e  RTG core. A heat  exhaust  p l a t e  ( r a d i a t o r )  i s  t hen  used 
t o  dump t h i s  excess heat  o u t  o f  t h e  pay load(see F i g u r e  7.3). I n  o r d e r  
t o  m a i n t a i n  a cons tan t  i n t e r n a l  temperature,  an a c t i v e  thermal  c o n t r o l  
system i s necessary (see Sec t ion  8.1). 

7.4.3 T e t h e r i n g  

Three arrangements f o r  t e t h e r i n g  t h e  pay load t o  t h e  b a l l o o n  were 

Entanglement o f  

cons idered.  Ba l l oon  and pay load mot ion  can produce r o t a t i o n a l  and 
pendu lar  o s c i l l a t i o n s  i n  t h e  system. 
min imized f o r  p r o p e r  camera and i nstrument  ope ra t i on .  
t h e  t e t h e r i n g  l i n e s  was a l s o  i n v e s t i g a t e d  as a p o s s i b l e  comp l i ca t i on .  

These o s c i l l a t i o n s  must be 
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Because t h e  m i c r o s t r i p  phased a r r a y  antenna i s  l o c a t e d  on t h e  t o p  
s u r f a c e  o f  t h e  pay load c a n i s t e r ,  a l l  equipment above t h e  pay load must 
be n o n m e t a l l i c ,  so  as n o t  t o  i n t e r f e r e  w i t h  communications. The 
l e n g t h  o f  t h e  t e t h e r i n g  e f f e c t s  t h e  o s c i l l a t i o n s .  
1 engths cou l  d r e s u l t  i n smal l  pendul a r  o s c i  11 a t i o n s .  The method o f  
at tachment,  and t e t h e r  l e n g t h ,  can r e s u l t  i n  t w i s t i n g  o f  t h e  t e t h e r  
1 i nes .  

c o n n e c t i o n  methods were examined, t h r e e  o f  which a r e  shown i n  F i g u r e  
7.4. 
composi te  r o d  i s  used, a l o n g  w i t h  a composi te gimbal a t t a c h e d  t o  t h e  
pay load  c a n i s t e r .  
antenna i n t e r f e r e n c e  caused by me ta l s  dev ices.  
arrangement a r e  shown i n  F i g u r e  7.3, and d e r i v a t i o n s  p e r t i n e n t  t o  t h i s  
a n a l y s i s  a r e  p resen ted  i n  Appendix 7.2. 

Shor t  t e t h e r  

I n  o r d e r  t o  overcome t h e s e  problems, seve ra l  p o t e n t i a l  

Op t ion  2 was chosen as t h e  pay load t e t h e r i n g  arrangement. 

D e t a i l s  o f  t h i s  

A 

T h i s  p reven ts  l a r g e  pay load mot ions w i t h o u t  t h e  

7.4.4 Camera Arrangements 

I n  o r d e r  t o  meet t h e  r e s o l u t i o n  s p e c i f  
a l t i t u d e  o f  2.5 t o  4.5 km, a f o c a l  l e n g t h  o f  
f o r  t h e  i n - f l i g h t  camera. The ground camera 
These cameras r e q u i  r e  suppor t  e l e c t r o n i c s  wh 
l e n g t h .  Thus, t h e  f l i g h t  camera i s  60 cm i n  
camera, 30 cm. 

Three camera c o n f i g u r a t i o n s  were cons i  

c a t i o n s  a t  a c r u i s i n g  
up t o  40 cm i s  r e q u i r e d  
has a 10 cm f o c a l  l e n g t h .  
ch add 20 cm t o  t h e i r  
l e n g t h  and t h e  ground 

ered: 

A c t i v e  -This  arrangement c o n s i s t s  o f  two camera booms, each 
w i t h  a p a i r  o f  cameras f o r  s te reoscop ic  imaging. 
arrangement would p r o v i d e  t h e  b a l l o o n  r o v e r  w i t h  t h e  a b i l i t y  t o  
photograph i n  any d i r e c t i o n .  T h i s  o p t i o n  was d iscarded,  however, 
because i t  i s  so  mass i n t e n s i v e  and because o f  t h e  t o r q u e s  and 
o s c i l l a t i o n s  which would be i n t r o d u c e d  by mo t ion  o f  t h e  cameras. 

Th is  

Pass ive -This  o p t i o n  c o n s i s t s  o f  two p a i r s  o f  cameras: one 
a e r i a l  and one f o r  use on t h e  ground. The a e r i a l  cameras wou ld  
be  f i x e d  on t h e  bot tom o f  t h e  b a l l o o n  and t a k e  s t e r e o s c o p i c  
p i c t u r e s  o f  t h e  t e r r a i n  d i r e c t l y  below t h e  b a l l o o n  r o v e r ' s  path.  
The ground camera p a i r  remains stowed u n t i l  t h e  r o v e r  has 
landed. 
1 andi  ng. 

Note t h a t  t h e  a e r i a l  camera p a i r  i s  dropped p r i o r  t o  

Pe r i scope  -This  c o n f i g u r a t i o n  uses a p e r i s c o p e  d e v i c e  t h a t  
b r i n g s  t h e  images t o  an i n t e r n a l  camera th rough  an o p t i c a l  
system. 
terms of i n s t r u m e n t  s u r v i v a l .  

Th i s  system was deemed t o o  complex and demanding i n  

A l l  cameras employ CCD techno logy  and zoom l e n s e s  t o  va ry  f o c a l  
l e n g t h .  The s p e c t r a l  range i n c l u d e s  v i s i b l e  t o  i n f r a r e d  so  as t o  
a l l o w  n i g h t - v i s i o n .  
It shou ld  be no ted  t h a t  each camera p a i r  i s  a s i n g l e  u n i t ;  Op t ion  1 
has a t o t a l  o f  f o u r  cameras i n  two u n i t s .  

These t h r e e  o p t i o n s  a r e  d e p i c t e d  i n  F i g u r e  7.5. 
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C A M E R A  A R R A N G E M E N T S  

OPTION 2 
30 CM GROUND CAMERA 
60 CM FLIGHT CAMERA 

FLIGHT CAMERA EJECTED 
PASSIVE SYSTEM 

I 

OPTION I 
60 CM CAMERA 

LARGE ACTUATORS 
TORQUE MOVEMENTS 

A C T I V E  SYSTEM 

U 

OPTION 3 
ONE INTERNAL CAMERA 

DUST FREE ENVIRONMENT 
A I R  TIGHT SEALS 

NO REDUNDANCY 
PASSIVE SYSTEM 

Figure 7.5 
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From t h e s e  c o n s i d e r a t i o n s ,  Opt ion 2 was chosen as t h e  p r e f e r r e d  

Reasons f o r  t h i s  s e l e c t i o n  i n c l u d e  s i m p l i c i t y  o f  camera arrangement. 
ope ra t i on ,  l a c k  o f  induced mot ion  d u r i n g  f l i g h t ,  and c o m p a t i b i l i t y  
w i t h  t h e  remainder o f  t h e  payload. 

7.4.5 B a l l o o n  Payload S i z i n g  

The f o l l o w i n g  t a b l e  shows a mass, power and volume breakdown of 
c a n d i d a t e  b a l l o o n  r o v e r  subsystems. The power es t ima tes  were based on 
peak power consumption (most i ns t rumen ts  on a t  once) p l u s  a 20 W 
s a f e t y  margin. 
p r o j e c t e d  8W/kg power o u t p u t  t o  mass r a t i o .  
pay load  power and mass requi rements i s  presented i n  Appendix 7.1. 

and t h e  masses added t o  g i v e  a mass budget f o r  p o t e n t i a l  b a l l o o n  r o v e r  
c o n f i g u r a t i o n s .  Those shown below p r o v i d e  v a r y i n g  degrees o f  
i n f o r m a t i o n  about Mars. 
payloads t o  s p e c i f i c  m i s s i o n  needs a t  t h e  s e l e c t e d  s i t e s  o r  t o  develop 
a pay load  s u i t a b l e  f o r  use a t  any o f  t h e  s i t e s ,  as was done here. 
have chosen Op t ion  4 as t h e  b a l l o o n  r o v e r  payload, n o t i n g  t h a t  i t  
s a t i s f i e s  t h e  m o d i f i e d  mass c o n s t r a i n t  o f  400 kg. The r e s u l t i n g  
pay load c o n f i g u r a t i o n  i s  shown i n  F i g u r e s  7.1 and 7.3. 
7.1 and 7.2 p r o v i d e  a d d i t i o n a l  background i n f o r m a t i o n ) .  

The mass es t ima tes  o f  t h e  RTG u n i t  were made u s i n g  a 
A d e t a i l e d  breakdown o f  

The b a l l o o n  r o v e r  subsystems f rom Appendix 7.1 can be arranged 

These c o n f i g u r a t i o n s  can be used t o  t a i l o r  

We 

(Appendices 

Power (W) Subsystem ( k g )  T o t a l  Mass ( k g )  Op t ion  - # C a p a b i l i t i e s  -- 
Opt ion  1 Imaging Power 85 45.4 99.4 

Op t ion  2 Imaging Meteoro logy 90 49.7 
Power 

Op t ion  3 Imaging Composi t ion 105 57.7 
Power 

Op t ion  4 Imaging Meteorology 110 62.0 
Composi t ion Power 

O p t i o n  5 Imagi ng Meteoro l  ogy 120 70.8 
Composi t i on Power 
Sei smomet ry 

103.7 

111.7 

116.0 

124.8 
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7.5 Conclus ions 

The b a l l o o n  r o v e r  p r o v i d e s  an e f f i c i e n t  manner o f  c h a r a c t e r i z i n g  t h e  
composi t ion and s t r u c t u r e  o f  t h e  l ower  M a r t i a n  atmosphere w h i l e  a l s o  p r o v i d i n g  
h i g h  r e s o l u t i o n  ( <  0.5 meter)  a e r i a l  images o f  t h e  M a r t i a n  surface. It a l s o  
p r o v i d e s  a secondary m e t e o r o l o g i c a l  s t a t i o n  when landed. The r e s u l t i n g  d a t a  
would be i m p o r t a n t  i n  p l a n n i n g  f u t u r e  e x p l o r a t o r y  m iss ions  employ ing 
semi -autonomous su r face  r o v e r s  and, p o s s i b l y ,  manned miss ions.  
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8.0 A d d i t i o n a l  Cons ide ra t i ons  -- Jim C a n t r e l l  

These a r e  some o t h e r  areas o f  impor tance i n  t h e  system development 
which impacted seve ra l  p a r t s  o f  t h e  payload, and t h u s  war ran ted  a n a l y s i s .  A 
summary o f  t hose  i n v e s t i g a t i o n s  f o l l o w s .  

8.1 Pay1 oad Thermal Con t ro l  

des igns o f  a p r e l i m i n a r y  na ture .  Such was t h e  case i n  t h i s  des ign  u n t i l  we 
r e a l  i zed how much heat  would be generated by t h e  r a d i  o i  sotope thermoel  e c t  r i  c 
genera to r  (RTG) power system. This ,  combined w i t h  t h e  smal l  s i z e  o f  t h e  
pay load and t h e  n e g l i g i b l e  c o n v e c t i v e  heat  t r a n s f e r  i n  t h e  M a r t i a n  atmosphere, 
posed a n o n - t r i v i a l  problem i n  t h e  pay load design. Normal ly ,  one m igh t  be 
tempted t o  t h i n k  of  t h e  thermal  c o n t r o l  o f  a pay load o p e r a t i n g  i n  a c o l d  
environment such as Mars (200 K) t o  be one of p r o v i d i n g  enough heat  t o  t h e  
i ns t rumen ts  t o  keep them operable.  
t h e  RTG as t h e  pay load power source. There e x i s t s  a l a r g e  amount o f  waste 
hea t  due t o  i n e f f i c i e n c i e s  i n  t h e  power genera t i on  process. L e f t  unchecked, 
t h i s  w i l l  overheat  t h e  payload, p o s s i b l y  caus ing  c r i t i c a l  f a i l u r e .  Two forms 
o f  heat  t r a n s f e r  o u t  o f  t h e  pay load cons idered were convec t i on  and r a d i a t i o n  
coup led  w i t h  conduct ion.  
M a r t i a n  atmosphere, f r e e  convec t i on  i s  n e g l i g i b l e  ( h  = 0.25; see Appendix 
8.1). Thus, r a d i a t i o n  heat  t r a n s p o r t  i s  t h e  ma n fo rm o f  heat  r e j e c t i o n .  The 
genera l  model f o r  heat  t r a n s p o r t  i s  shown below 

Of ten  t imes,  l i t t l e  a t t e n t i o n  i s  p a i d  t o  t h e  thermal  c o n t r o l  i n  

Th is  i s  n o t  t h e  case w i t h  t h e  s e l e c t i o n  o f  

As mentioned above, due t o  t h e  low d e n s i t y  o f  t h e  

Here, a f l a t  p l a t e  model i s  used w i t h  i n c i d e n t  s o l a r  and background r a d i a t i o n  
balanced by outward r a d i a t i o n  t o  deep space and convec t i on  o f f  o f  t h e  p l a t e .  
Appendix 8.1 p resen ts  t h i s  model i n  d e t a i l .  The genera l  system c o n f i g u r a t i o n  
i s  shown i n  F i g u r e  8.1. Aluminum conductors ,  which a r e  i n s u l a t e d ,  c a r r y  heat  
from t h e  R T G  t o  an e x t e r n a l  r a d i a t i o n  p l a t e .  Small amounts o f  heat  f l o w  o u t  
o f  t h e  conductor  l i n e s  v i a  r a d i a t i o n  and conduc t ion  w i t h i n  t h e  pay load,  
h e l p i n g  t o  ba lance heat  f l u x  th rough  t h e  w a l l s  o f  t h e  payload. The conductor  
l i n e s  may a l s o  be  " tapped"  by an onboard c o n t r o l  system t o  p r o v i d e  a d d i t i o n a l  
heat ,  i f  necessary, d u r i n g  n i g h t  and i n  o t h e r  c o l d  c o n d i t i o n s  ( i .e.,  p o l a r  
r e g i o n s )  f o r  t h e  pay load ins t ruments .  
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The o p e r a t i n g  parameters are:  

RTG heat  f l o w  
RTG base temperature 
R a d i a t o r  o p e r a t i n g  temp. ( d a y t  
R a d i a t o r  p l a t e  dimensions 
R a d i a t o r  p l a t e  area 
R a d i a t o r  p l  a t e  emmi s s i v i  t y  
T o t a l  r a d i a t o r  system mass 

( l e s s  RTG) 

1000 w 
171°C 

me) 112OC 

0.91 m2 
0.8 
1.3 kg 

1.25 m by 1 mm t h i c k  

(Equat ions and parameters a r e  presented i n  Appendix 8.1) 

It must be no ted  t h a t  t h i s  i s  a ve ry  p r e l i m i n a r y  s tudy  o f  t h e  thermal  
c o n t r o l  system and t h u s  o n l y  o f f e r s  one p o t e n t i a l  s o l u t i o n  t o  t h e  problem o f  
excess R T G  heat.  Much more e f f o r t  needs t o  devoted t o  t h i s  s u b j e c t  if a more 
i n - d e p t h  des ign  were t o  be contemplated. 

I 
I 

I 

8.2 Pay1 oad T e t h e r i n g  S t r u c t u r e  

I The b a l l o o n  pay load t e t h e r i n g  s t r u c t u r e  was designed based on t h e  need 
f o r  o v e r a l l  l ow  mass, wide l o a d  d i s t r i b u t i o n  o v e r  t h e  b a l l o o n  su r face ,  and 
des ign  s i m p l i c i t y .  
i t s  l ow  d e n s i t y ,  h i g h  s t r e n g t h ,  f l e x i b i l i t y ,  and genera l  a p p l i c a b i l i t y  i n  t h e  
o p e r a t i n g  environment.  The d e s i g n  s t r e n g t h  of  t h e  t e t h e r i n g  system was based 
on a maximum l o a d i n g  e q u i v a l e n t  t o  2 E a r t h  g ' s .  The r e s u l t i n g  c o n f i g u r a t i o n  i s  
shown i n  F i g u r e  8.2. 
and connect i t  t o  t h e  cap on t o p  o f  t h e  ba l l oon .  The purpose o f  t h e  cap i s  t o  
d i s t r i b u t e  t h e  l o a d  o v e r  t h e  b a l l o o n  and t o  p r o t e c t  t h e  b a l l o o n  envelope f rom 
UV r a d i a t i o n ,  which degrades t h e  f a b r i c  s t r e n g t h .  A t  t h e  connec t ion  p o i n t  
between t h e  pay load  and t h e  t e t h e r i n g ,  a carbon-carbon composi te gimbal and 
r o d  a r e  employed i n  o r d e r  t o  reduce pay load o s c i l l a t i o n s  and r o t a t i o n  ( see  
S e c t i o n  7.4.3: Payload T e t h e r i n g ) .  The o v e r a l l  system s p e c i f i c a t i o n s  are:  

I 

My la r  was chosen as t h e  main t e t h e r i n g  m a t e r i a l  because of 
I 

T h i r t y - t w o  50-mm wide M y l a r  s t r a p s  suppor t  t h e  pay load 

Maximum a c c e l / d e c e l e r a t i o n :  
T e t h e r  S t  raps 

Number 
Dimensions 
M a t e r i  a1 
T o t a l  mass 

T e t h e r  Cap 
Dimensions 
Mass 

T e t h e r .  Rod 
Dimensions 
Compos i t i  on 
Mass 

19.62 m/s2 

32 
1 m i l  x 50 mm x 34.67 m 
My1 a r  
1.5 kg 

0.25 m i l  x 15 m x 38 m 
20 kg 

1 m x 2 mm d i a .  
Carbon-carbon 1 aminate 
1 kg 

F u r t h e r  a n a l y s i s  i s  needed i n  o r d e r  t o  f u l l y  e v a l u a t e  t h e  t e t h e r i n g  
system, such as imp lemen ta t i on  o f  a f i n i t e  element model. T h i s  would g r e a t l y  
enhance unders tand ing  o f  t h e  s t r e s s e s  i n  t h e  b a l l o o n  due t o  t h e  t e t h e r i n g ,  
which i s  a c r i t i c a l  des ign  c o n s i d e r a t i o n .  A d d i t i o n a l l y ,  assessment of t h e  
dynamic s t r e s s e s  a c t i n g  on t h e  t e t h e r i n g  and b a l l o o n  f a b r i c  d u r i n g  b o t h  
deployment and f l i g h t  would be q u i t e  u s e f u l .  
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Figure 8.1 Thermal Control System 
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F i g u r e  8.2 Payload T e t h e r i n g  System 
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9.0 Conclusions 

D u r i n g  t h e  S p r i n g  Quar te r ,  t h e  des ign  o f  t h e  B a l l o o n  Rover has changed 
i n  many ways. 
i l l u s t r a t i v e  o f  t h e  way i n  which a p r o j e c t  such as t h i s  would proceed i n  
i n d u s t r y .  T h i s  i s  a un ique  s i t u a t i o n  i n  t h e  c lassroom and has proved t o  be 
ve ry  success fu l .  The conc lus ions  reached p e r t a i n i n g  t o  v a r i o u s  p a r t s  o f  t h i s  
v e h i c l e ,  w h i l e  p r e l i m i n a r y ,  rep resen t  s i g n i f i c a n t  p rog ress  i n  t h e  development 
of  such a rove r .  E s p e c i a l l y  i n  l i g h t  o f  r e c e n t  announcements by t h e  S o v i e t  
Union, i n  r e l a t i o n  t o  t h e i r  p l a n s  t o  use b a l l o o n  v e h i c l e s  i n  t h e  M a r t i a n  
atmosphere, we f e e l  t h a t  o u r  des igns a r e  w e l l  conceived, c o n s e r v a t i v e  and 
f u n c t i o n a l .  

Together, t h e  t h r e e  r e p o r t s  generated d u r i n g  research  on t h e  Mars 
Lander/Rover p r o j e c t  a t  Utah S t a t e  U n i v e r s i t y  comprise a b a s i s  upon which 
f u t u r e  research e f f o r t s  d e a l i n g  w i t h  s i m i l a r  m iss ions  can be based. I n  t h i s  
r e s p e c t  and many o t h e r s ,  t h i s  cou rse  has been ve ry  e f f e c t i v e  and success fu l .  

The process i n v o l v e d  i n  t h i s  e v o l u t i o n  has been q u i t e  
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APPENDICES 

Note: Appendix numbering corresponds t o  t h e  r e f e r r a n t  sec t i on .  
As such, t h e  numbering appears d i scon t inuous ,  b u t  i s  
employed f o r  ease o f  re fe rence  t o  t h e  a p p r o p r i a t e  s e c t i o n s  
w i t h i n  t h e  r e p o r t .  
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Appendix 4.1 

Bal l  oon Surf ace Area 

- 



~ ~ ~~~ ~ ~ 

SURFACE AREA ON BALLOON: 

E: .dx = 2TrRx 

CONSIDER THE SPHERE I N  THE X-Y PLANE: 

11 

X 

= 
0 

WHERE Y = I / R 2  - (X-R)2' = J 2 X R - X 2 '  

THE SURFACE AREA BY REVOLUTION BECOMES: 

us ing  Bliss's Theorem: 
t h e  s u r f a c e  area f u n c t i o n  becomes: 

SA(f)=2V r f ( x )  d- 4 s  

t h i s  t h e n  reduces t o  t h e  b a s i c  i n t e g r a l :  

t h i s  has  t h e n  a c o r r e l a t i n g  mass as a f u n c t i o n  of x 
by relating t h e  ba l loon  f a b r i c  a r e a  dens i ty :  

mass ( x = I 2 n ~ x  pF1 
Of 

= a r e a  f a b r i c  d e n s i t y  (Kg/m 2 ) 



ADDendix 4.2 

C r i t i c a l  Radius D e r i v a t i o n  



C R I T  I C AL RAD1 US D E R 1  VAT I ON : 

c o n s i d e r  a ba l loon  system w i t h  t h e  f o l l o w i n g  p r o p e r t i e s :  

P f  = 
v =  
Qg = 
Qb = 

R =  

a r e a  f a b r i c  d e n s i t y  ( Kg 

b a l l o o n  gas  d e n s i t y  

volume o f  t h e  ba'lloon (m 
atmosphere d e n s i t y  (Kg/m 

b a l l o o n  r a d i u s  ( m )  

f o r  equ i l ib r ium cond i t ions :  

n e t  l i f t  = weight o f  f a b r i c  
n e t  l i f t  = L~ - - V(Q? - p b )  = 4 ~ 1 R 3 ( p ~ - Q ~ ) / 3  

weight(rnass) o f  fabr ic  = p,4'l?'R2 

s o  s o l v i n g  t h e  equat ion  f o r , R  and c a l l i n g  t h i s  Rcr  , the 
minimum va lue  f o r  which l i f t i n n  w i l l  occur:  

and s u b s t i t u t i n g  t h e  equa t ion  d e n s i t i e s  by t h e  p e r f e c t  gas law: 
' 

where : 

p = atmosphere ambient p r e s s u r e  
T = ambient atmosphere t empera tu re  ( K )  
R,= gas cons t an t  f o r  t h e  atmosphere (NM/KgK) 
Rb= gas cons tan t  f o r  t h e  b a l l o o n  gas  (NM/KgK) 

(Pa) 



ADDendix 4.3 

Ground Deployment Dynami cs 



DYNAMIC BEHAVIOR OF GROUND DEPLOYMENT SCHEME: 
The fo l lowing  i s  a d e r i v a t i o n  of t h e  governing r e l a t i o n s  f o r  a 
ground deployed ba l loon  system, 

A System D e f i n i t i o n :  

Ld (drogue l i f t )  

deployed ba l loon  s e c t i o n  

undeployed f a b r i c  

land  e r  module 

Coordinate  D e f i n i t i o n s :  

1': t ransformed ax is  f o r  deployed s e c t i o n  ( 1'=?0R ) 
x': deployed s e c t i o n  l e n g t h  
h : t o t a l  he igh t  f rom l a n d e r  
li: i n i t i a l  deployment he igh t  (determined by drogue l i f t )  

Add i t iona l  Re la t ionsh ips :  

8=1 ' / R  1'- Rcos-'( 1-x'/R) 

and by t h e  p e r f e c t  gas  l a w :  V t =  IhtRT - 
n 

i 

.P 
where: V t  = volume o f  b a l l o o n  at t ime t (m 3 ) 

f = time a f t e r  beginning  o f  f i l l  process  ( s )  
m = mass flow r a t e  o f  gas  i n t o  ba l loon  (Kg/s) 
R = b a l l o o n  gas  cons t an t  (N'M/Kg) 
T = gas tempera ture  (K) 
p = ambient atmosphere p r e s s u r e  (Pa)  



Balloon Dynamics Con I t .  

F.B;'.D. 

Mg (ba l loon  f a b r i c )  
/ F t  ( r ip -co rd  t e n s i o n )  

I 

And from t h e  f r e e  body diagram: ( u s i n g  s t e a d y  s t a t e  c o n d i t i o n s )  

0 

2'iTR~~gx' + Ft = Ldg + g(Vt$ - mt) 
where : 

F + =  f a b r i c  area d e n s i t y  Rg/m 2 8. = atmosphere d e n s i t y  [ K g / m J ]  
x' = t o t a l  l e n g t h  of dep oyed b a l l o o n  ( m )  

g = mar t i an  g r a v i t y  cons t an t  (3.73 m / s 2 >  
Ft = r ip -co rd  t e n s i o n  (N 
Ld = drogue n e t  l i f t  (Kg 

V t  = volume at  t ime  t (m 3 ) 

here ,  some a d d i t i o n a l  r e l a t i o n s h i p s  der ived  from t h e  aforementioned 
parameters  a r e  given: 

and h, t h e  t o t a l  he ight  f rom t h e  l a n d e r  is  def ined:  

h = x + l  

where: 

where l , x , and  haare shown i n  t h e  system d e f i n i t i o n  diagram 



Appendix - 4.4 

Wind E f f e c t s  on Ground Deployment 



Wind e f f e c t s  on ba l loon  performance 

system 

Drogue 
b a l l o o n  

SYSTEM DEFINITION 

Re range(  5m/s t o  25 m/s) 

4 104 - 2 105 
3 103 - 1.5 IO 6 

Rd (drogue r a d i u s )  

Fd (drogue drag f o r c e )  
s u r f  ace  
wind 
v e l o c i t y  
f i e l d  

FG (ba l loon  d rag  f o r c e )  

where : 

L t  = t e t h e r  l e n g t h  (2m) 
x 
1 = t o t a l  undeployed b a l l o o n  l e n g t h  ( I1 11 

Fd = drag  f o r c e  on drogue ( n )  

Fb = drag  f o r c e  on ba l loon  ( N )  

= deployed s e c t i o n  of b a l l o o n  (def ined  i n  previous appendix)  
1 

as s umpt i o n s  : 

deployed b a l l o o n  s e c t i o n  approximates a sphe re  
t e n s i o n  o f  r ip -co rd  does no t  c o n t r i b u t e  t o  d e f l e c t i o n  ang le  

a d d i t i o n a l  parameters :  

The Reynolds  number f o r  t h e  two  sphe res  def ined  as Re=VD/V 
w h e r e j  i s  based on t h e  CO2 atmosphere Q 600 Pa and 220  K 



Wind e f f e c t s  c o n ' t .  

From r e f e r e n c e  2 , f i g u r e  1 was obta ined  showing t h e  r e l a t i o n s h i p  
between Re and t h e  c o e f f i c i e n t  o f  drag: 

f rom t h i s  f i g u r e ,  i t  can be seen  t h a t  t h e  Cd f o r  t h e  range o f  Re 
f o r  bo th  t h e  ba l loon  and t h e  drogue i s  approximately 0.5 and 
t h e  drag  f o r c e  on each element i s  governed by: 

F = Cd fl - R29,V2 
2 

where: 

F = drag  f o r c e  (N) 
Cd= c o e f f i c i e n t  o f  d rag  (0.5) 
R = element r a d i u s  ( m )  
V = s u r f a c e  wind v e l o c i t y  ( m / s )  3 = ambient atmosphere d e n s i t y  (Kg/m ) A 

next  cons ide r  t h e  s t e a d y  s t a t e  f r e e  body diagram: 

Figure  2 



Wind e f f e c t s  c o n ' t .  

8% = T A " l  

where i n  f i g u r e  2 t h e  angle  8 becomes: 

L d ( r l + r 2 ) g  + L b v 2  - mgmr2/2 
Fbr2 + F d ( r l + r 2 )  

(EM = 0 ) 

... rl = x/2 + It + R~ 
r 2  = x/2 + 1 

(where x and 1 are defined i n  previous appendix) 

Ldg cos0 ( r l + r 2 )  - Fb s i n Q ( r 2 )  - F d ( r l + r 2 ) s i n 8  - mgr2/2(sin0) = 0 

. and s o l v i n g  f o r  8: 
I 

where: 
2 rn = deployed mass ( m=2CrR (1- cosB/R)) e 



cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
program written by James Cantrell for Utah State University 

C Advanced Space Design program. It computes the transient states c 
C of the ground deployment scheme per derived parameters. C 
C Included is the length deployed as well as the angular deflec- c 
C tions. C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C C 

C declare variables 

real rp,xp,ld,lp,lt,li,pi,rhof,rhoco2,mdot,Tco2,Th2,Rco2,~2,p, 
ldeployed,t,ml,mu,ms,tu,fb,fd,ft,rl,r2,1tether,v,rd,md,nue, 
mdd, cd 

C open output files for disspla graphics 

open (uni t-10, f ilea ’dyn . out ’ , status= ’new ’) 
open (uni t-20 ,f iles’dyn2. out ’ , status- ’new ’) 
open (uni t-3 0, f i 1 e- ’ dyn3 . out ’ , s ta tus- ’new ‘ ) 
open (uni t-60 ,file- ’ the. out ’ , status- ’new ’) 
open (uni t-70, f i 1 e- ’ the2. out ’ , s ta tus- ’new ’ ) 
open (uni t-80, f ile- ’ the3 . out ’ , status== ’new ’) 

C define operationalvariables 

C rhof-fabric density : Ft-ripcord tension : p-ambient pressure 
C Id-drogue lift : rd-drogue radius 

pi-3.1415 
rhof=O.O508 
ld=2.5 
rp=l6.0 
is0 
p-600.0 
Rc02=188.9 
Tc02=220.0 
Rh2-4124.0 
Th2-250.0 

Ft=5.0 
rhoco2=p/ (Rco2*Tco2) 

g=3.74 
xp-0 . 0 
1 tether=4.0 
rd=5.0 
cd-0.5 
xtotal-0.0 

C user input parameters 

print*, ‘enter upper time limit’ 
read*, tu 
print*, ’wind velocity? (m/s) ’ 
read*, v 

C compute the initial length of fabric deployment 

li- rp*acos(l . O -  (ld/(rhof*2.O*pi*(rp**2)))) 



C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

15 

100 

150 

vary mass flow rates and compute the resultng position 

do 150 mdot-.005,.015,.005 

f i 1 e parameters 

i-i+lO 
j=i+50 

vary time after flow begins 

do 100 t=O.O,tu,l.O 

compute the system radiuses as defined in text 
rl-(xp/2. O+ltether+rd) 
r2- (xp/2.0+1 i) 
compute wind drag forces 
f d- (pi/2.0) * (rd**2) *rhocoZ* (v**2) *cd 
f b- (pi/8,0)* (xp**2) *rhoco2* (v**2) *cd 
compute deployed mass 
md-Z.O*pi*rp*rhof*g 
compute ins tan taneous volume 
Vt=mdot*t*rhP*thZ/p 
transient balloon lift 
lb=gk(Vt*rhocoZ -mdot*t) 
mdd-2 . O*pi*rp*xtotal*rhof 
second deployed mass parameter 
theta- (ld*g* (rl+r2)+ (lb*r2) -g*mdd*l i/2.0)/ ( (fbA-rZ)+ (f d* (rl+r2))) 
the- ATAN (theta) 
compute total length deployed based on derivations in appendix 
xtotal- (( (Ld*g) -Ft - (g*mdot*t)+ (g*Vt*rhoco2)) * (sin (the))+ (f d+f b) 

*cos (the) )/md 
if (xtotal .gt. (Z.O*rp))goto 100 
1 t-rp*(acos(l .O-xtotal/rp)) 
lp-1 t - 1 i 
xp=rp*(l .O-cos(lp/rp)) 
ldeployed=li+xp 
the-the*lSO.O/pi 

write output to files 
write(i ,15) t, ldeployed 
write(j, 15)t, the 
format(lx,fl2.4,lx,fl2.4) 

con t inu e 

continue 

end 



Appendix - 4.5 

Pay1 oad Dynamic Response t o  Wind Impulses 



PAYLOAD O S C I L L A T I O N S  DUE TO W I N D  IMPULSES 

Fw = t f i R b  2 c d  
impulse 

f4 = atmosphere d e n s i t y  
Rb = ba l loon  r a d i u s  
c d  = c o e f f i c i e n t  o f  drag 

= wind impulse f o r c e  
Vw = wind impulse v e l o c i t y  
*" 

1 

I :  
assume: n e g l e c t  damping i n  computations 

n e g l e c t  d r a g  on payload 
1,+12 = cons tan t  
l i n k  remains r i g i d  

1, = m2(Rb+ll+12)/(ml+m2) 

c - a,, 



w r i t i n g  t h e  d i f f e r e n t i a l  equat ion  f o r  t h e  r o t a t i o n a l  motion: 

and by binomial expansion: 

.. 
18 + (Ln l1 + m2g12) e = FW 

s o l v i n g  t h e  D.E. : 

= clcostwn + c2sinwnt + Fw l 1 / ( I ( L  l1 + m2g12)) 
P et = Qh+ e 

s o l v i n g  f o r  t h e  i n i t i a l  cond i t ions  o f :  

Q ( O ) = O  and &(e>  = o 
y i e l d s  : 

w n = / L l1 + m2g12 

2 
cos w,t z ( t )  = Fw l1 wn 

from t h i s  a n a l y s i s ,  it was found t h a t  t h e  e f f e c t  o f  wind impulses 
on t h e  payload and ba l loon  i s  n e g l i  a b l e  f o r  most range o f  t e t h e r  
l e n g t h s  and impulses of  up t o  150 m 7 s. The conclusion i s  t h a t  f o r  
t e t h e r  l e n g t h s  i n  theerange  o f  0-50m, and impulses o f  0-150 m / s ,  
t h e  a n g u l a r  d e f l e c t i o n s  a r e  l ess  t h a n  two degrees.  



ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
c PROGRAM WRITTEN BY JAMES CANTRELL FOR UTAH STATE UNIVERSITY c 
c ADVANCED SPACE DESIGN PROJECT. PROGRAM IS USED TO COMPUTE C 
c THE ANGULAR DEFLECTIONS OF THE AEROSTAT AND PAYLOAD FOR C 
c DIFFERING WIND GUSTS.PROGRAM IS BASED ON THE EQUATIONS C 
c DERIVED IN THE APPENDIX. C 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C declare variables 

imp 1 i c i t none 
real g,ll,l2,lt,lift,ml,m2,rhoco2,rb,cd,vw,fw,pi,vol,theta,tdot,tddot 

,I,maxv,maxna,maxta,l,thetdd,thetd,v,volume,rhohZ,wn 

open (uni t-10 ,file- 'de. out I, status- 'new') 

C define operational parameters 

print*, ' input maximum expected wind gust (m/s) 
read*, v 
pi-3.1415 
cd-0.5 
rb-16.0 
rhoco2-600.0/(188.9*210.0) 
ml= (0.05) *pi*4.0* (rb**2) 
8-3.73 

C following equations based on previous derivations 

volume-4.0*pi*(rb**3)/3.0 
rhoh2=600.0/(4124.0*210.0) 
lift=((rhoco2-rhoh2)*volume*g)-(ml*g) 
m2-1 if t/g 
fw= (pi/2.0) * (rb**2) *rhoco2* (v**2) *cd 
write(l5,*) ' Effect of Balloon Tether Length on Payload' 
write(l5,*) ' I 

w r i t e ( l 5 , * )  ' t e t h e r  max. max . max . max. ' 
write(l5,*) ' length theta vel. An At ' 

write (15, *) I 

write(l5,*) ' m deg . m/s g"s g"s ' 
I 

C vary tether lengths to obtain maximum thetas, velocities, accelerations 

do 20 lt-21.0,121.0,10.0 

11-(m2*1 t)/(ml+m2) -rb 
12=1 t - 11 
I-(ml*rb**2)/2.O+(ml*11~-*2)+(m2*12**2) 
wn-((lift*ll+m2*g*l2)/I)**O.5 
the ta=2.0* (fw*ll)/ (I* ( I  if t*l1 +m2*g*12) ) 
the t d= ( f w*l1 *wn) / (I * (1 if t *11 im2*g* 12) ) 
maxv- th e td*12 
the tdd= (Fw*ll* (wn**2) ) / (I* ( I  if tk11 +m2*g*l2) ) 
maxna- (thetd**2) *12 
maxta= (the t d d) *12 
theta=180.O/pi*theta 



15 

30 

I 20 con t inu e 

end 

1-lt-rb 
maxna=maxna/9.81 
maxta-maxta/9.81 

write (10,lS) 1, theta ,maxv,maxna ,maxta 
format(3x,fl2.7,3x,f12.7,3x,f12.7,3x,f12.7) 
wri te (1 0,30) 
format (20x) 



ADDendix 4.6 

B a l l  oon Descent  Depl oyment Equat  i ons o f  Mot i on 



- -on- 
f t Fp j ;  + G - (+) = 0 





Appendix - 4.7 

Computer Program: Descent Depl oyment Model 
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Appendix - 4.8 

Mass F1 ow Cal cul ati ons 



ORIGINU PAGE IS 
OR POOR QUALITY, 



28, 23AP4 







Appendix - 4.9 

H2 Storage f o r  t h e  Ba l loon Rover 



H7 STORAGE FOR BALLOON ROVER 

Mass o f  H2: 22  Kg 

Method o f  S torage :  convent iona l  high p res su re  

volume: 1 m 

Temperature range:  200K - 300K 

3 

CO MPUT AT I O N S  : 

s i n c e  t h e  volume c o n s t r a i n t ,  mass o f  H 2 ,  and t h e  temp. range 
f o r c e  t h e  s t o r a g e  p res su re  wel l  above t h e  c r i t i c a l  p r e s s u r e  o f  
'1.3 MPa, t h e  reidlich-kwong equat ion  of s t a t e  i s  u s e d :  

P = ET a 3 Ell - -  - 
v-b T( V+b)T 

where P i s  t h e  s t o r a g e  p res su re  (Pa)  

u s ing  t h i s  and t h e  afforementioned parameters yeilds a s t o r a g e  p=28 MPa 

now cons ide r  t h e  v e s s e l  i t s e l f ,  a s p h e r i c a l  t h i n  w a l l  p r e s su re  
v e s s e l  : 

4 

now equat ing  stress w i t h  t h e  r e s u l t a n t  p r e s s u r e  f o r c e :  

P d  d =  diameter  o f  v e s s e l  a =  - 4 t  t =  th ickness  o f  t h e  w a l l  



H, STORAGE CON'T : 

t h e  use of convent iona l  meta ls  i n  t h e  v e s s e l  c o n s t r u c t i o n  r e s u l t s  
i n  h igh  mass f i g u r e s  ( 225 Kg f o r  Titanium) f o r  t h e  ves se l .  Thus, 
o t h e r  convent iona l  materials was sought ,  i n  t h i s  c a s e  carbon f i b e r  
r e i n f o r c e d  l amina te s .  From a computer program developed by P r o f e s s o r  
S teve  Folkman at  Utah S t a t e  Un ive r s i ty  f o r  composites,  t h e  fo l lowing  
s p e c i f i c a t i o n s  were developed: 

Laminate type :  4 p l y  q u a s i  i s o t r o p i c  
F i b e r  t ype :  carbon 
Matrix: g r e y  epoxy 
F a i l u r e  a t  s p e c i f i e d  s t r e s s :  1 p l y  mat r ix  s e p e r a t i o n  
S t r e s s  a t  f a i l u r e :  910 MPa 
Approximate d e n s i t y :  1378 Kg/m 3 

Using t h e s e  f igures  f o r  t h e  v e s s e l  des ign  y e i l d s  t h e  fo l lowing:  

s i z e :  1.241 m i n s i d e  diameter  
10 mm wall t h i c k n e s s  

mass: 68.75 Kg ( l e s s  H2 c o n t e n t s )  

Laminat e conf igu ra t ion :  
~ ~~ 

REFERENCES: 

[1]Black, W. and Har t l ey ,  J. , Thermodynamics, Harper and R o w ,  1985. 



ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
c PROGRAM WRITTEN BY JAMES CANTRELL FOR UTAH STATE UNIVERSITY C 

c ADVANCED SPACE DESIGN PROGRAM. THIS COMPUTES THE SIZE AND MASS C 
c OF A COMPOSITE HYDROGEN VESSEL FOR THE STORAGE OF 22 Kg. ALL C 

c FIGURES AND ASSUMPTIONS ARE COVERED IN THE SPRING QUARTER TEXT C 

C C 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 

C 

C 
C 

C 

C 

C 

15 

20 

declare variables 

real press, t, rho, r, z ,  rconst, Temp, mass,masst,pi,sigma 

open(unit=lO ,f ile- ' comp. out' , status= 'new') 
open (unit=ll , file-' comp2. out ' ,status= 'new') 

define operational parameters 

Temp-250.0 
Rconst-4124.0 
mass-1 9.0 
compressibility factor z 
based on the reidlich-kwong equation of state 
2-1.3 
composite density (Kg/mA3) 
rho-1503.0 
sigma-870000000.0 
pi-3.1415 

vary radius and compute volume and mass of the tank 

do 20 r=.3,.62,.0005 

volume-4.0/3.0*pi*(r**3) 
press-z*mass*rconst*temp/volume 
t=(press*r)/(2 .O*sigma) 
masst-rho*l.33*pi*((r+t)**3- (r**3)) 
write to output files 
write(lO,l5) r,volume 
write(llJ5) r,masst 
format(lx,fl0.3,lx,flO.3) 

continue 

end 



Appendix - 4.10 

Pay1 oad S t r u c t u r a l  A n a l y s i s  ( P r e l  i m i  n a r y )  



PAYLOAD S T R U C T U R E  A N A L Y S I S  ( P R E L I M I N A R Y )  : 

Consider t h e  g e n e r a l  payload s t r u c t u r e  shown below: 

main l o a d i n g  

m 
S 

'e b l adde r  and s h e l l  

Two d i s t i n c t l y  d i f f e r e n t  regimes o f  l o a d i n g  occur  on t h e  s h e l l ,  t h e  
impact l o a d i n g  on t h e  bottom and t h e  l a n d e r  b l adde r  p r e s s u r e  on t h e  
s ides  o f  t h e  s h e l l .  The payload s i m i l a r l y  exper iences  similar load ings  
b u t  t h e  main s o u r c e  o f  stress i s  due t o  t h e  t e t h e r  on t h e  t o p  o f t h e  
payload and t h e  dynamic l o a d i n g  on t h e  bottom due t o  t h e  payload 
mass. The f o l l o w i n g  i s  a s i m p l i f i e d  a n a l y s i s  o f  t h e  o v e r a l l  s t r u c t u r e  
performed i n  o r d e r  t o  o b t a i n  a rough estimate of  t h e  mass requ i r ed .  

LANDER SHELL: 

cons ide r  t h e  descen t  of  t h e  l a n d e r  as it  i s  approaching t h e  s u r f a c e .  
Speeds o f  up t o  15 m / s  have been p r e d i c t e d  111 . based on t h i s ,  t h e  
l o a d i n g  on t h e  s h e l l  was based on t h e  peak b l a d d e r  p r e s s u r e s  [lg , 
and t h e  dynamic l o a d i n g  o f  t h e  s h e l l  i t s e l f .  The dynamic l o a d i n g  on 
t h e  s h e l l  i s  computed as follows: 

assume: s h e l l  i s  dynamical ly  i s o l a t e d  from t h e  payload 
by v i r t u e  o f  t h e  p r e s s u r e  b ladder  

system: 

momentum exchange: 
r? 

mlv, + I F d t  = m2v2 
J O  

: 1- = 0.1 [2] : vz=o m l  = m2 = S 

s o l v i n g :  F = msv/r  



PAYLOAD STRUCTURE ANALYSIS CON'T : 

f o r  t h e  purposes of  i t e r a t i o n  and t h e  gene ra l  f a c t o r  o f  s a f e t y :  

assume ms= 2 0  Kg and t h i s  y e i l d s :  F=3000 N 
now we assume t h e  c i r c u l a r  f l a t  p 1 a t e ; a n a l y s i s  developed i n  c33, where 
t h e  gene ra l  formula f o r  t h e  s t r e s s e s  i n  t h e  p l a t e  a r e :  

ti! F 
simply supportdd p l a t e  (end 
r o t a t i o n )  w i t h  a d i s t r i b u t e d  

c e n t e r  load  f o r  max. s t r e s s  ( i e  
l and ing  on a rock )  

-.\ p- 
-m+ 
r 7 

M m a x = J L  krt-r) In a/ro +lj (maximum moment on p l a t e )  
4 f l  

CY max= MmaxC (maximum s t r e s s  i n  t h e  p l a t e )  - 
I 

y = p o i s s o n ' s  r a t i o  = 0.385 

w =  F/(/iY r:) ( d i s t r i b u t e d  load ing)  

I= t 3 d / 1 2  ( moment o f  i n e r t i a  8 max. s t r e s s  moment i e  @ c e n t e r )  

so lv inE  f o r  t y e i l d s :  t =  12mm and a mass o f  13.06 Kg (composite 

PRESSURE BLADDER LOADING ON THE SIDES OF THE SHELL'--: 

From [l] , t h e  peak b l adde r  p re s su re  i s  17.85 KPa based on Pi=2100 Pa 
Vi=O.O79 cubic  meters and V=0.066 cubic  meters.  Solv ing  f o r  t h e  max. 
normal stress in t h e  shell w a l l s  a t  t h e  t o p  o f  t h e  s h e l l :  

c o n s t r u c t  i o n )  

t =  2 m m  ( g r e a t l y  overs ized  S.F. = 5 )  
mass = 6.5 Kg 

PAYTOAD TOPPLATE LOADING: 

system: 
4 L s z L  

"( *4ml- 

where t h e  l o a d i n g  is based on 2 g ' s  maximum dynamic load ing  [l] 
and us ing  t h e  above mentioned f l a t  p l a t e  a n a l y s i s  y e i l d s :  > 



STRUCTURAL ANALYSIS C O N ' T :  

s i n c e  t h e  dynamic load ing  i s  due t o  t h e  d e c e l e r a t i o n  o f  t h e  ba l loon  
du r ing  f l i g h t  and t h e  load ing  on t h e  bottom peaks du r ing  t h e  l and ing ,  
a d i f f e r e n t  a n a l y s i s  was performed w i t h  t h e  l o a d  nu i fo rmi ly  d i s t r i b u t e +  
on t h e  bottom of t h e  payload c a n n i s t e r .  Here 30 g ' s  was used  as t h e  max, 
loading.  Note a l s o  t h h t  t h e  load ing  on t h e  t o p  p l a t e  o f  t h e  payload can- 
n i s t e r  i s  not  a f f e c t e d  upon l and ing  as t h e  ba l loon  i s  nos longe r  a t ta-  
ched at  t h i s  po in t .  Using t h e  f l a t  p l a t e  a n a l y s i s  f o r  t h e  bottom p l a t e  
y e i l d s :  

t =  12 mm : mass = 7.5 Kg (composite c o n s t r u c t i o n )  
m 

Addi t iona l ly ,  t h e  c a n n i s t e r  walls are loaded dy t h e  ba l loon  i n  f l i g h t  
and t h e  s t r e s s e s  here  a r e  analyzed as f o l l o w s :  

s o l v i n g  f o r  t h e  s t r e s s  y e i l d s :  t=  lmm ( g r e a t l y  overs ized  ) - 
mass = 1.95 Rg 

I n  f i n a l  view t h e  o v e r a l l  mass of t h e  payload s t r u c t u r e  i s  70 Kg. 
c 
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Pay1 oad Power Systems 
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CHOICE OF SOLAR CELLS 

EFFICIENCY : S I L I C O N  V I O L E T  CELLS 

10% 14% 

Utiliiution'h Applicationa 

' ., 

BLACK CELLS GaA s 

15.5% 21g 

MOCVD RESEARCH has produced a GaAs-based solar 
cdll that has a 21% conversion efficiency. Graph shows the 
Current-voltage characteristics of the cell design. 



SOLAR ARRAY TEMPERATURE 

Effective solar absorptance : d s e  - 4 s  - Fp * 1 
s :  average solar cell array absorptance 

Fp: Total active area / Total area - 0.9 (10% margin) 
1 : efficiency - 21% 

- > &  * . 8  - > d s e  - .611 
Steady state operating temperature of the solar array : 

o(se * Af * S * ""so( I 1/4 
I Top - . . . . . . . . . . . . . . . . . . . . . . . .  

( E f  * Af + fb * Ab )6 I 

I Af : array front side area 

Ab : array back side area 

f : emittance of the array front side 

I b : emittance of the array back side 

S : solar constant = 540 W/m2 

0 : Stefan Bolzmann cste - 5.67 10E-8 
d : angle of incidence of sunlight 

Af - Ab - .786 m2 4 s  = . 8  Gf - . 8  s b  - . 7  

Angle 0 10 20 30 50 70 80 
i 

temperature 249.5 190.85 161.1 
(K) 

Mars : 151 K ->  242 K 

1 



39-53 KG 



I 

C 
1 

f 
c) 

0 
c 

0 



Appendix - 7.1 

Payload Mass and Power S i z i n g  



CANDIDATE BALLOON ROVER SUBSYSTEMS 

# OF CODE (mass power volume) Kg W M3 

1 Aerial photography ( 9kg ) 

a In flight ( 3kg ) 
Cameras (2) 
w/ stereoscopic camera enclosure 

b Ground ( 6kg ) 
Cameras (2) 
w/ stereoscopic camera enclosure 
camera boom w/ actuators 

2 Metereology Transducers ( 3.7kg ) 

Irradiance 
wind speed 
wind direction 
humidity 

temperature 
pressure 

3 Composition ( 9.8kg ) 
I 

atm. mass spectrometer 
neutron backscatter 
volatile detector 

4 Computers/Communications ( 12kg ) 

large memory dataloggers 
vision 
communication telemetry, data transfer 
sequencing/crunching (programmable) 

5 Balloon Position ( 7kg ) 

altimeter radar 
internal ref. unit (FORS) 

6 Seismommetry ( 7.5kg ) 
I 

seismometer 
active seismic thumper 

7 Power ( 21.8kg ) 
~ 

RTG (Viking type-8W/kg) 
RTG supports 
power distribution unit 
Radioisotope heating unit 

3.04.0 . 0 0 6  

3.0 4.0  .006  

3.0 8 . 0  

2.5 1.0 - 

1 . 2  - 

6.8 14.0 . 0 2  
2.0 1.0 . 0 0 6  
1.0 5.0 . 0 0 3  

2.0 15.0 - 
3.0 25.0 - 
5.0 30.0 - 
2 . 0  10.0 - 

2 . 0  
5 . 0  1 0 . 0  - 

2.5 10 - 
5.0 bat - 

15.0 120 w 
0.8 - 
5.0 4 
1.0 - 



BALLOON ROVER SUBSYSTEMS 

SUBSYSTEM 

1 Aerial photography 

--------- 

2 Meteorology Transducers 

3 Composition 

4 Computers/Communications 

5 Balloon Position 

6 Seismometry 
I 

7 Power 

3 . 7  

9 . 8  

1 2 . 0  

7 . 0  

7 . 5  

17.4 to 21.8 



INSTRUMENT LIST 

~ SURFACE SCIENCE 

2 Facsimile Cameras 
1 Neutron Backscatter Dev. 
1 Volatile Detector 
1 Proximity Sensor 
5 Sun Sensors 
1 Gyrocompass 
1 Inclinometer 
1 Metereology Boom 
1 Seismometer 
1 Active Seismic Thumper 

I COMPUTER/DATA STORAGE 

1 Vision 
1 Sampling System 
1 Science 
1 Common Data Storage 
1 Data Handling 
2 Digital Tape Recorder 
1 Sampling Processing 

Electronics 

1 
1 I 

I 1 
1 

1 
1 
1 

~1 1 

1 
1 

HARDWARE 

Camera Pointing Platform 
Stereoscopic Camera 
Enclosure 
Stereo Tilt/Pan Actrs. 
Fiber Optics Rotation 
Sensor (FORS) 
Pendulous Sensor 
Radioisotope Heating Unit 
Power Control Unit 
Power Distribution Unit 
Scan Platform/ Gimbal1 
Camera Boom w/ Actuators 
RTG Radiator Plate 

MASS 

2 . 0  
2 . 0  
1.0 
3 . 0  
0.4 
4.5 
0.8 
5.5 
2 . 5  
5 . 0  

3 . 0  
3 . 0  
3 . 0  

10.0 
2 7 . 0  
17.8 

4 . 0  

4.0 

3 . 0  
4.0 

5.0 
1 . 2  
2 . 0  
5 . 0  
5 . 0  
3 . 0  
3 . 2  
3 . 0  

POWER 

. 2  
1.0 
5 . 0  
2 . 0  

- 
10.0 
10.0 
bat 

2 5 . 0  
1 5 . 0  
15.0 
8.0 

12.0 
18.0 

2 . 0  

2 . 0  

8.0 

10.0 
0 . 8  

4 . 0  
4 . 0  

bat 

- 

- 

14 



BALLOON ROVER MASS BUDGET 

BALLOON FABRIC + HYDROGEN GAS 

SCIENTIFIC PAYLOAD 

TETHERING 

PAYLOAD CANNISTER 

, 

I 

I LANDER SHELL + PRESSURE BLADDER 

I TOTAL MASS 

2 5 4  KG 

6 2  KG 

23 KG 

15 KG 

1 6  KG 

370 KG 

I 

13 







ADDendix 7.2 

Payload O s c i l l a t i o n s  ( T e t h e r i n g )  



The payload tethering oscillations equations were derived 
from mechanical vibrations. They are as follows: 

For pendulum oscillations: 

Sum of Moments about Center of Mass-ICMAngular Acc. 

FDL2 co s (the ta) -gLNETL2sin(theta) -MlgL1sin(theta)-ICMAngular A c  

which reduces to 

For Torsional oscillations: 

4TyD-I(Angu1ar Acceleration Beta) 

which reduces to 

where 

ICM-=Moment of Inertia about the Center of Mass 
WN-Natural Angular Acceleration 

, .  7- 



Appendix 8.1 

Pay1 oad Thermal C o n t r o l  

- 



Payload Heat T r a n s f e r  

q s o l a r  q r a d i a t i o n  

,-m q convect ion ( f r e e )  d 
Figure  1. payload hea t  c o n t r o l  

f r e e  convec t ion  environment: 

f rom r e f e r e n c e  , t h e  fo l lowing  equat ions  were obta ined:  

ku 

- 
Nu B 0.54 Ra*  = %L/k 

s o  t h e  f r e e  convec t ion  c o e f f i c i e n t  becomes: 

f. 
E; = 0054 R a 4 k  = , 2 5 2  w f o r  t h e  mar t ian  atmosphere @ 220 K 

L TFE- 

s o  from t h i s ,  f r e e  convect ion on t h e  p l a t e  was neg lec t ed  i n  t h e  
a n a l y s i s  and r a d i a t i o n  hea t  t r a n s p o r t  was t h e  main form o f  
hea t  t r a n s f e r  ou t  o f  t h e  RTG. 

t h e  t o t a l  h e a t  f l u x  ou t  of t h e  RTG i s  approximately 1000 W 
f o r  t h e  50 w power o u t p u t ,  t h e  base  o p e r a t i n g  tempera ture  
i s  170 C , and  t h e  s o l a r  flux on t h e  mar t ian  s u r f a c e  is 400 W / m 2  

ENERGY BALANCE:  ef = Stephan-Boltzmann cons t an t  

= atmosphere tempera ture  ( K )  
Ts=pla te  s u r f a c e  temp. ( K )  

As= p l a t e  s u r f a c e  a r e a  (m ) Ta 2 
[n- 

4 4 &E,Ts As = 400 (A,) + 1000 W + 6 E a T a  A s  

h e r e  t h e  emmisivi ty  o f  t h e  mar t i an  atmosphere i s  0.02, 
and s i n c e  t h e  p l a t e  would t h u s  be r a d i a t i n g  i n t o  deep 
space  f o r  t h e  most  p a r t ,  t h e  view f a c t o r  was assumed 
t o  be equal t o  1 ,  and t h e  emmisivi ty  of t h e  p l a t e  = 0.8 



Payload Heat con ' t .  

s o l v i n g  f o r  t h e  s u r f a c e  temperature:  

= 417.6 K = 144 C = 1000 + 400(0.8)(0.944) I* 5 . 6 7x 10'' ( 0 . 8 ) ( 0.944 ) I 
and s o l v i n g  f o r  t h e  thermal  r e s i s t a n c e  between t h e  RTG and t h e  
f i n  us ing  s i x  thermal s t r i p s :  

c, I1 I 

b u t  us ing  s i x  thermal  s t r i p s , t h e  i n d i v i d u a l  r e s i s t a n c e  R i  
becomes : 

IRi=6*Rth=244 K/W I 
and us ing  aluminum , i n s u l a t e d  f o r  r a d i a t i o n  on  t h e  boundries ,  
we o b t a i n  t h e  s i z e  and mass: 

I I 
length each Q 37cm 
diameter  each Q 3mm 
mass t o t a l  Q 0.037 Kg 



Appendix - 8.2 

T e t h e r i n g  A n a l y s i s  



1 PAYLOAD TEHTHERING FORCE ANALYSIS 

c o n s i d e r  t h e  b a l l o o n  and t e i h e r i n g '  shown w i t h  a pay load  f o r c e  
l o a d i n g  as shown: 

e q u a t i n g  zF=ma we o b t a i n :  
\65O 

m(gm + 2(9.81))= F = j,5;i s i n 0  Ax d e  

s i n c e :  

Ax = 2W(19)(19-R = 4.48 

t h e  i n t e g r a l  becomes : , 
+ Z ( 9 . 8 1 ) )  = 4 .48  I p.sin6 de- m(gm l 

1s" 

s o l v i n g  f o r  p i :  t h e  stress cube  becomes 
* 

dP-pi= 91.19 Mpa - .27 Mpa = 90.92 MPa 


